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Description

[0001] This nonprovisional application is based on Japanese Patent Application No. 2020-015721 filed with the Japan
Patent Office on January 31, 2020, the entire contents of which are hereby incorporated by reference and to which the
person of the art can refer to when considering the present disclosure.

BACKGROUND

Field

[0002] The present disclosure relates to a vehicle capable of autonomous driving.
Description of the Background Art

[0003] A technique relating to autonomous driving of a vehicle has recently been developed. For example, Japanese
Patent Laying-Open No. 2018-132015 discloses a vehicle including a motive power system that manages motive power
of the vehicle in a centralized manner, a power supply system that manages supply of electric power to various vehicle-
mounted devices in a centralized manner, and an autonomous driving system that carries out autonomous driving control
of the vehicle in a centralized manner.

SUMMARY

[0004] The autonomous driving system may externally be attached to a vehicle main body. In this case, autonomous
driving is carried out as the vehicle is controlled in accordance with an instruction from the autonomous driving system.
In order to enhance accuracy in autonomous driving, a state of the vehicle is desirably appropriately provided (conveyed)
to the autonomous driving system. A moving direction of the vehicle represents one of states of the vehicle.

[0005] The present disclosure was made to achieve the object above, and an object of the present disclosure is to
appropriately provide, in a vehicle capable of autonomous driving, a signal indicating a moving direction of the vehicle
from a vehicle main body to an autonomous driving system.

(1) A vehicle according to the present disclosure is a vehicle on which an autonomous driving system is mountable,
and the vehicle includes a vehicle platform that controls the vehicle in accordance with an instruction from the
autonomous driving system and a vehicle control interface that interfaces between the vehicle platform and the
autonomous driving system. The vehicle control interface provides to the autonomous driving system, a signal
indicating a moving direction of the vehicle that is determined in accordance with a rotation direction largest in
number among rotation directions of wheels.

According to the configuration, the vehicle is provided with the vehicle control interface that interfaces between the
vehicle platform and the autonomous driving system. A signal indicating the determined moving direction of the
vehicle can thus appropriately be provided to the autonomous driving system through the vehicle control interface.
The moving direction of the vehicle is determined based on majority rule based on the rotation direction of the wheels.
(2) In one embodiment, when a certain time period has elapsed with a speed of all wheels being zero, the vehicle
control interface provides to the autonomous driving system, a signal indicating "Standstill" as the signal indicating
the moving direction of the vehicle.

According to the configuration, when a certain time period has elapsed with the speed of all wheels being zero, an
appropriate signal indicating stop (the signal indicating "Standstill") can be provided to the autonomous driving
system.

(3) In one embodiment, when the number of wheels rotating in a forward rotation direction is larger than the number
of wheels rotating in a reverse rotation direction, the vehicle control interface provides a signal indicating "Forward"
to the autonomous driving system, and when the number of wheels rotating in the reverse rotation direction is larger
than the number of wheels rotating in the forward rotation direction, the vehicle control interface provides a signal
indicating "Reverse" to the autonomous driving system.

According to the configuration, when the number of wheels rotating in the forward rotation direction is larger than
the number of wheels rotating in the reverse rotation direction, an appropriate signal indicating forward travel (the
signal indicating "Forward") can be provided to the autonomous driving system. When the number of wheels rotating
in the reverse rotation direction is larger than the number of wheels rotating in the forward rotation direction, an
appropriate signal indicating reverse travel (the signal indicating "Reverse") can be provided to the autonomous
driving system.

(4) In one embodiment, when the number of wheels rotating in a forward rotation direction is equal to the number
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of wheels rotating in a reverse rotation direction, the vehicle control interface provides a signal indicating "Undefined"
to the autonomous driving system.

[0006] Accordingto the configuration, when the moving direction of the vehicle cannot be determined based on majority
rule based on the rotation directions of the wheels, a signal to that effect (the signal indicating "Undefined") can be
provided to the autonomous driving system.

[0007] The foregoing and other objects, features, aspects and advantages of the present disclosure will become more
apparent from the following detailed description of the present disclosure when taken in conjunction with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]

Fig. 1 is a diagram showing overview of a MaaS system in which a vehicle according to an embodiment of the
present disclosure is used.

Fig. 2 is a diagram showing a detailed configuration of a vehicle control interface, a VP, and an ADK.

Fig. 3 is a diagram for illustrating setting of a signal indicating an actual moving direction.

Fig. 4 is a flowchart showing a procedure of processing performed in the VP.

Fig. 5 is a flowchart showing a procedure of processing for determining a moving direction of the vehicle.

Fig. 6 is a diagram of an overall configuration of MaaS.

Fig. 7 is a diagram of a system configuration of a MaaS vehicle.

Fig. 8 is a diagram showing a typical flow in an autonomous driving system.

Fig. 9 is a diagram showing an exemplary timing chart of an API relating to stop and start of the Maa$S vehicle.
Fig. 10 is a diagram showing an exemplary timing chart of the API relating to shift change of the MaaS vehicle.
Fig. 11 is a diagram showing an exemplary timing chart of the API relating to wheel lock of the Maa$S vehicle.
Fig. 12 is a diagram showing a limit value of variation in tire turning angle.

Fig. 13 is a diagram illustrating intervention by an accelerator pedal.

Fig. 14 is a diagram illustrating intervention by a brake pedal.

Fig. 15 is a diagram of an overall configuration of MaaS.

Fig. 16 is a diagram of a system configuration of a vehicle.

Fig. 17 is a diagram showing a configuration of supply of power of the vehicle.

Fig. 18 is a diagram illustrating strategies until the vehicle is safely brought to a standstill at the time of occurrence
of a failure.

Fig. 19 is a diagram showing arrangement of representative functions of the vehicle.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0009] An embodiment of the present disclosure will be described below in detail with reference to the drawings. The
same or corresponding elements in the drawings have the same reference characters allotted and description thereof
will not be repeated.

<Overall Configuration>

[0010] Fig. 1is a diagram showing overview of a mobility as a service (MaaS) system in which a vehicle according to
an embodiment of the present disclosure is used.

[0011] Referring to Fig. 1, this MaaS system includes a vehicle 10, a data server 500, a mobility service platform
(which is also referred to as "MSPF" below) 600, and autonomous driving related mobility services 700.

[0012] Vehicle 10 includes a vehicle main body 100 and an autonomous driving kit (which is also referred to as "ADK"
below) 200. Vehicle main body 100 includes a vehicle control interface 110, a vehicle platform (which is also referred
to as "VP" below) 120, and a data communication module (DCM) 190.

[0013] Vehicle 10 can carry out autonomous driving in accordance with commands from ADK 200 attached to vehicle
main body 100. Though Fig. 1 shows vehicle main body 100 and ADK 200 at positions distant from each other, ADK
200 is actually attached to a rooftop or the like of vehicle main body 100. ADK 200 can also be removed from vehicle
main body 100. While ADK 200 is not attached, vehicle main body 100 can travel by manual driving by a user. In this
case, VP 120 carries out travel control (travel control in accordance with an operation by a user) in a manual mode.
[0014] Vehicle controlinterface 110 can communicate with ADK 200 over a controller area network (CAN) or Ethernet®.
Vehicle control interface 110 receives various commands from ADK 200 by executing a prescribed application program
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interface (API) defined for each communicated signal. Vehicle control interface 110 provides a state of vehicle main
body 100 to ADK 200 by executing a prescribed API defined for each communicated signal.

[0015] When vehicle control interface 110 receives a command from ADK 200, it outputs a control command corre-
sponding to the command to VP 120. Vehicle control interface 110 obtains various types of information on vehicle main
body 100 from VP 120 and outputs the state of vehicle main body 100 to ADK 200. A configuration of vehicle control
interface 110 will be described in detail later.

[0016] VP 120 includes various systems and various sensors for controlling vehicle main body 100. VP 120 carries
out various types of vehicle control in accordance with a command given from ADK 200 through vehicle control interface
110. Namely, as VP 120 carries out various types of vehicle control in accordance with a command from ADK 200,
autonomous driving of vehicle 10 is carried out. A configuration of VP 120 will also be described in detail later.

[0017] ADK 200 includes an autonomous driving system (which is also referred to as "ADS" below) for autonomous
driving of vehicle 10. ADK 200 creates, for example, a driving plan of vehicle 10 and outputs various commands for
traveling vehicle 10 in accordance with the created driving plan to vehicle control interface 110 in accordance with the
API defined for each command. ADK 200 receives various signals indicating states of vehicle main body 100 from vehicle
control interface 110 in accordance with the API defined for each signal and has the received vehicle state reflected on
creation of the driving plan. A configuration of ADK 200 (ADS) will also be described later.

[0018] DCM 190 includes a communication interface for vehicle main body 100 to wirelessly communicate with data
server 500. DCM 190 outputs various types of vehicle information such as a speed, a position, or an autonomous driving
state to data server 500. DCM 190 receives from autonomous driving related mobility services 700 through MSPF 600
and data server 500, for example, various types of data for management of travel of an autonomous driving vehicle
including vehicle 10 by mobility services 700.

[0019] MSPF 600 is an integrated platform to which various mobility services are connected. In addition to autonomous
driving related mobility services 700, not-shown various mobility services (for example, various mobility services provided
by a ride-share company, a car-sharing company, an insurance company, a rent-a-car company, and a taxi company)
are connected to MSPF 600. Various mobility services including mobility services 700 can use various functions provided
by MSPF 600 by using APls published on MSPF 600, depending on service contents.

[0020] Autonomous driving related mobility services 700 provide mobility services using an autonomous driving vehicle
including vehicle 10. Mobility services 700 can obtain, for example, operation control data of vehicle 10 that communicates
with data server 500 and/or information stored in data server 500 from MSPF 600, by using the APIs published on MSPF
600. Mobility services 700 transmit, for example, data for managing an autonomous driving vehicle including vehicle 10
to MSPF 600, by using the API.

[0021] MSPF 600 publishes APIs for using various types of data on vehicle states and vehicle control necessary for
development of the ADS. An ADS provider can use as the APIs, the data on the vehicle states and vehicle control
necessary for development of the ADS stored in data server 500.

<Configuration of Vehicle>

[0022] Fig. 2 is a diagram showing a detailed configuration of vehicle control interface 110, VP 120, and ADK 200.
Referring to Fig. 2, ADK 200 includes a compute assembly 210, a human machine interface (HMI) 230, sensors for
perception 260, sensors for pose 270, and a sensor cleaning 290.

[0023] During autonomous driving of vehicle 10, compute assembly 210 obtains information on an environment around
the vehicle and a pose, a behavior, and a position of vehicle 10 with various sensors which will be described later.
Compute assembly 210 obtains a state of vehicle 10 from VP 120 through vehicle control interface 110 and sets a next
operation (acceleration, deceleration, or turning) of vehicle 10. Compute assembly 210 outputs various instructions for
realizing a set next operation of vehicle 10 to vehicle control interface 110.

[0024] HMI 230 accepts an input operation from a user for vehicle 10. HMI 230 can accept, for example, an input by
a touch operation onto a display screen and/or an audio input. HMI 230 presents information to a user of vehicle 10 by
showing information on the display screen. HMI 230 may present information to the user of vehicle 10 by voice and
sound in addition to or instead of representation of information on the display screen. HMI 230 provides information to
the user and accepts an input operation, for example, during autonomous driving, during manual driving by a user, or
at the time of transition between autonomous driving and manual driving.

[0025] Sensors for perception 260 include sensors that perceive an environment around the vehicle, and are imple-
mented, for example, by at least any of laser imaging detection and ranging (LIDAR), a millimeter-wave radar, and a
camera.

[0026] The LIDAR measures a distance based on a time period from emission of pulsed laser beams (infrared rays)
until return of the emitted beams reflected by an object. The millimeter-wave radar measures a distance and/or a direction
to an object by emitting radio waves short in wavelength to the object and detecting radio waves that are reflected and
return from the object. The camera is arranged, for example, on a rear side of a room mirror in a compartment and
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shoots the front of vehicle 10. As a result of image processing onto images shot by the camera, another vehicle, an
obstacle, or a human in front of vehicle 10 can be recognized. Information obtained by sensors for perception 260 is
output to compute assembly 210.

[0027] Sensors for pose 270 detect a pose, a behavior, or a position of vehicle 10. Sensors for pose 270 include, for
example, an inertial measurement unit (IMU) and a global positioning system (GPS).

[0028] The IMU detects, for example, an acceleration in a front-rear direction, a lateral direction, and a vertical direction
of vehicle 10 and an angular velocity in a roll direction, a pitch direction, and a yaw direction of vehicle 10. The GPS
detects a position of vehicle 10 based on information received from a plurality of GPS satellites that orbit the Earth.
Information obtained by sensors for pose 270 is output to compute assembly 210.

[0029] Sensor cleaning 290 can remove soiling attached to various sensors. Sensor cleaning 290 removes soiling on
a lens of the camera or a portion from which laser beams and/or radio waves are emitted, for example, with a cleaning
solution and/or a wiper.

[0030] Vehicle control interface 110 includes a vehicle control interface box (VCIB) 111A and a VCIB 111B. Each of
VCIBs 111A and 111B includes an electronic control unit (ECU), and specifically contains a central processing unit
(CPU) and a memory (a read only memory (ROM) and a random access memory (RAM)) (neither of which is shown).
VCIB 111A and VCIB 111B are basically equivalent in function to each other. VCIB 111A and VCIB 111B are partially
different from each other in a plurality of systems connected thereto that make up VP 120.

[0031] Each of VCIBs 111A and 111B is communicatively connected to compute assembly 210 of ADK 200 over the
CAN or the like. VCIB 111A and VCIB 111B are communicatively connected to each other.

[0032] EachofVCIBs111Aand 111B relays variousinstructions from ADK 200 and provides them as control commands
to VP 120. More specifically, each of VCIBs 111A and 111B executes a program stored in a memory, converts various
instructions provided from ADK 200 into control commands to be used for control of each system of VP 120, and provides
the converted control commands to a destination system. Each of VCIBs 111A and 111B processes or relays various
types of vehicle information output from VP 120 and provides the vehicle information as a vehicle state to ADK 200.
[0033] For at least one of systems of VP 120 such as a brake system and a steering system, VCIBs 111A and 111B
are configured to be equivalent in function to each other so that control systems between ADK 200 and VP 120 are
redundant. Therefore, when some kind of failure occurs in a part of the system, the function (turning or stopping) of VP
120 can be maintained by switching between the control systems as appropriate or disconnecting a control system
where failure has occurred.

[0034] VP 120 includes brake systems 121A and 121B, steering systems 122A and 122B, an electric parking brake
(EPB) system 123A, a P-Lock system 123B, a propulsion system 124, a pre-crash safety (PCS) system 125, and a body
system 126.

[0035] Brake system 121B, steering system 122A, EPB system 123A, P-Lock system 123B, propulsion system 124,
and body system 126 of the plurality of systems of VP 120 are communicatively connected to VCIB 111A through a
communication bus.

[0036] Brake system 121A, steering system 122B, and P-Lock system 123B of the plurality of systems of VP 120 are
communicatively connected to VCIB 111B through a communication bus.

[0037] Brake systems 121A and 121B can control a plurality of braking apparatuses (not shown) provided in wheels
of vehicle 10. The braking apparatus includes, for example, a disc brake system thatis operated with a hydraulic pressure
regulated by an actuator. Brake system 121A and brake system 121B may be equivalent in function to each other.
Alternatively, any one of brake systems 121A and 121B may be able to independently control braking force of each
wheel and the other thereof may be able to control braking force such that equal braking force is generated in the wheels.
[0038] A wheel speed sensor 127 is connected to brake system 121B. Wheel speed sensor 127 is provided in each
wheel of vehicle 10. Wheel speed sensor 127 detects a rotation speed and a rotation direction of a wheel. Wheel speed
sensor 127 outputs the detected rotation speed and rotation direction of the wheel to brake system 121B. For example,
wheel speed sensor 127 provides pulses different between during rotation in a direction of forward travel of vehicle 10
and during rotation in a direction of reverse travel of vehicle 10. Brake system 121B fixes or confirms the rotation direction
of each wheel based on the pulses from wheel speed sensor 127. Then, brake system 121B provides information
indicating the fixed rotation direction of each wheel to VCIB 111A.

[0039] Brake system 121B determines whether or not vehicle 10 has come to a standstill based on the fixed rotation
direction of each wheel. Specifically, when the speed of all wheels is set to zero and when all (for example, four) wheel
speed values are zero during a certain time period since the speed of all wheels was set to zero, brake system 121B
determines that vehicle 10 has come to a standstill. When brake system 121B determines that vehicle 10 has come to
a standstill, the brake system provides information indicating "Standstill" to VCIB 111A.

[0040] Each of brake systems 121A and 121B receives a command from ADK 200 as a control command through
vehicle control interface 110 and generates a braking instruction to the braking apparatus in accordance with the control
command. For example, brake systems 121A and 121B control the braking apparatus based on a braking instruction
generated in one of brake systems 121A and 121B, and when a failure occurs in one of the brake systems, the braking



10

15

20

25

30

35

40

45

50

55

EP 3 858 700 A1

apparatus is controlled based on a braking instruction generated in the other brake system.

[0041] Steering systems 122A and 122B can control a steering angle of a steering wheel of vehicle 10 with a steering
apparatus (not shown). The steering apparatus includes, for example, rack-and-pinion electric power steering (EPS)
that allows adjustment of a steering angle by an actuator.

[0042] Steering systems 122A and 122B are equivalent in function to each other. Each of steering systems 122A and
122B receives a command from ADK 200 as a control command through vehicle control interface 110 and generates a
steering instruction to the steering apparatus in accordance with the control command. For example, steering systems
122A and 122B control the steering apparatus based on the steering instruction generated in one of steering systems
122A and 122B, and when a failure occurs in one of the steering systems, the steering apparatus is controlled based
on a steering instruction generated in the other steering system.

[0043] A pinion angle sensor 128A is connected to steering system 122A. A pinion angle sensor 128B is connected
to steering system 122B. Each of pinion angle sensors 128A and 128B detects an angle of rotation (a pinion angle) of
a pinion gear coupled to a rotation shaft of the actuator. Pinion angle sensors 128A and 128B output detected pinion
angles to steering systems 122A and 122B, respectively.

[0044] EPB system 123A can control an EPB (not shown) provided in at least any of wheels. The EPB is provided
separately from the braking apparatus, and fixes a wheel by an operation of an actuator. The EPB, for example, activates
a drum brake for a parking brake provided in at least one of wheels of vehicle 10 to fix the wheel. The EPB activates a
braking apparatus to fix a wheel, for example, with an actuator capable of regulating a hydraulic pressure to be supplied
to the braking apparatus separately from brake systems 121A and 121B. EPB system 123A receives a command from
ADK 200 as a control command through vehicle control interface 110 and controls the EPB in accordance with the
control command.

[0045] P-Lock system 123B can control a P-Lock apparatus (not shown) provided in a transmission of vehicle 10. The
P-Lock apparatus fixes rotation of an output shaft of the transmission by fitting a protrusion provided at a tip end of a
parking lock pawl into a tooth of a gear (locking gear) provided as being coupled to a rotational element in the transmission.
A position of the parking lock pawl is adjusted by an actuator. P-Lock system 123B receives a command from ADK 200
as a control command through vehicle control interface 110 and controls the P-Lock apparatus in accordance with the
control command.

[0046] Propulsion system 124 can switch a shift range with the use of a shift apparatus (not shown) and can control
driving force of vehicle 10 in a direction of travel that is generated from a drive source (not shown). The shift apparatus
can select any of a plurality of shift ranges. The drive source includes, for example, a motor generator and/or an engine.
Propulsion system 124 receives a command from ADK 200 as a control command through vehicle control interface 110
and controls the shift apparatus and the drive source in accordance with the control command.

[0047] PCS system 125 is communicatively connected to brake system 121B. PCS system 125 carries out control to
avoid collision of vehicle 10 or to mitigate damage by using a result of detection by a camera/radar 129. For example,
PCS system 125 detects an object in front and determines whether or not vehicle 10 may collide with the object based
on a distance to the object. When PCS system 125 determines that there is possibility of collision with the object, it
outputs a braking instruction to brake system 121B so as to increase braking force.

[0048] Body system 126 controls, for example, various devices in accordance with a state or an environment of travel
of vehicle 10. The various devices include, for example, a direction indicator, a headlight, a hazard light, a horn, a front
wiper, and a rear wiper. Body system 126 receives a command from ADK 200 as a control command through vehicle
control interface 110 and controls the various devices in accordance with the control command.

[0049] An operation apparatus that can manually be operated by a user for the braking apparatus, the steering appa-
ratus, the EPB, P-Lock, the shift apparatus, various devices, and the drive source described above may separately be
provided.

<Determination of Moving Direction of Vehicle>

[0050] In order for ADK 200 to create an appropriate driving plan in autonomous driving, a state of vehicle main body
100 is desirably appropriately obtained. The moving direction of vehicle 10 represents one of important parameters that
indicate a state of vehicle main body 100. By obtaining the moving direction of vehicle 10, ADK 200 can recognize, for
example, a traveling state of vehicle 10. In the present embodiment, vehicle control interface 110 determines the moving
direction of vehicle 10 based on various types of information from VP 120. Then, vehicle control interface 110 provides
a signal indicating the moving direction of vehicle 10 (a signal indicating an actual moving direction
(Actual_Moving_Direction)) to ADK 200. The moving direction of vehicle 10 can thus appropriately be conveyed to ADK
200. An approach to determination of the moving direction of vehicle 10 will specifically be described below. Though an
example in which vehicle 10 includes four wheels is described below, the present disclosure can be applied similarly
also to a vehicle including at most three wheels or a vehicle including at least five wheels.

[0051] VP 120 (brake system 121B in the present embodiment) fixes the rotation direction of each wheel (a front left
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wheel, a front right wheel, a rear left wheel, and a rear right wheel) based on an output from wheel speed sensor 127.
Then, VP 120 provides information (WheelSpeed_Rotation) indicating the fixed rotation direction of each wheel to vehicle
control interface 110. The information indicating the rotation direction of the wheel provided from VP 120 to vehicle
control interface 110 includes information indicating the rotation direction (forward rotation) in which vehicle 10 travels
forward or the rotation direction (reverse rotation) in which vehicle 10 travels rearward.

[0052] As described above, VP 120 determines whether or not vehicle 10 has come to a standstill based on the output
from wheel speed sensor 127. Specifically, when the speed of all of four wheels has been set to zero and when all (for
example, four) wheel speed values are zero during a certain time period since the speed of all of the four wheels was
set to zero, VP 120 determines that vehicle 10 has come to a standstill. When VP 120 determines that vehicle 10 has
come to a standstill, VP 120 provides information indicating "Standstill" that indicates stop of vehicle 10 to vehicle control
interface 110. The certain time period may be set, for example, to 500 ms. The certain time period is not limited to the
above and can be set as appropriate depending on specifications of vehicle 10.

[0053] Vehicle controlinterface 110 determines the moving direction of vehicle 10 based on various types of information
received from VP 120. Then, vehicle control interface 110 provides a signal indicating the determined moving direction
(the signal indicating the actual moving direction) of vehicle 10 to ADK 200.

[0054] When vehicle control interface 110 obtains information indicating "Standstill" from VP 120, it determines the
moving direction of vehicle 10 as "Standstill".

[0055] When vehicle controlinterface 110 has not obtained information indicating "Standstill" from VP 120, it determines
the moving direction of vehicle 10 based on majority rule based on information indicating the rotation direction of the
wheel. Specifically, when the number of wheels rotating in the forward rotation direction is larger than the number of
wheels rotating in the reverse rotation direction, vehicle control interface 110 determines the moving direction of vehicle
10 as "Forward". When the number of wheels rotating in the reverse rotation direction is larger than the number of wheels
rotating in the forward rotation direction, vehicle control interface 110 determines the moving direction of vehicle 10 as
"Reverse". When the number of wheels rotating in the forward rotation direction is equal to the number of wheels rotating
in the reverse rotation direction, vehicle control interface 110 determines the moving direction of vehicle 10 as "Undefined".
In the present embodiment, when the number of wheels rotating in the forward rotation direction is larger than two,
vehicle control interface 110 determines the moving direction of vehicle 10 as "Forward". When the number of wheels
rotating in the reverse rotation direction is larger than two, vehicle control interface 110 determines the moving direction
of vehicle 10 as "Reverse". When the number of wheels rotating in the forward rotation direction is two and the number
of wheels rotating in the reverse rotation direction is two, vehicle control interface 110 determines the moving direction
of vehicle 10 as "Undefined". For example, a case that driving wheels slip when the vehicle slips down on a slope or a
snow-covered road is assumed as the example where the number of wheels rotating in the forward rotation direction is
equal to the number of wheels rotating in the reverse rotation direction.

[0056] Fig. 3 is a diagram for illustrating setting of a signal indicating an actual moving direction. Fig. 3 shows relation
between an actual moving direction (the moving direction of vehicle 10) and a value. Specifically, a value is shown in a
field "value" and a rotation direction of a wheel is shown in a field "Description". A field "remarks" is used when there
are remarks.

[0057] ReferringtoFig. 3, avalue Orepresentsforwardtravel (Forward). A value 1represents areverse travel (Reverse).
A value 2 represents stop (Standstill). A value 3 represents undefined (Undefined).

[0058] When vehicle control interface 110 determines the moving direction of vehicle 10 as "Forward", it sets the value
0 in the signal indicating the actual moving direction. When vehicle control interface 110 determines the moving direction
of vehicle 10 as "Reverse", it sets the value 1 in the signal indicating the actual moving direction. When vehicle control
interface 110 determines the moving direction of vehicle 10 as "Standstill", it sets the value 2 in the signal indicating the
actual moving direction. When vehicle control interface 110 determines the moving direction of vehicle 10 as "Undefined",
it sets the value 3 in the signal indicating the actual moving direction.

[0059] When vehicle control interface 110 sets the signal indicating the actual moving direction, it provides the set
signal indicating the actual moving direction to ADK 200. ADK 200 that has received the signal indicating the actual
moving direction set as above can recognize the moving direction of vehicle 10 based on the value indicated in the signal.

<Procedure of Processing Performed in VP>

[0060] Fig. 4 is a flowchart showing a procedure of processing performed in VP 120. Processing in the flowchart in
Fig. 4 is repeatedly performed every prescribed control cycle in VP 120. Though an example in which processing in the
flowchart in Fig. 4 is performed by software processing by VP 120 is described, a part or the entirety thereof may be
implemented by hardware (electric circuitry) made in VP 120.

[0061] VP 120 determines whether or not the speed of all wheels, that is, four wheels, included in vehicle 10 is 0 (a
step 1, the step being abbreviated as "S" below). When the speed of all of the four wheels is not zero (NO in S1), VP
120 skips processing thereafter and the process returns.
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[0062] When the speed of all of the four wheels is zero (YES in S1), VP 120 determines whether or not a certain time
period has elapsed since the speed of all of the four wheels was set to zero (S3). When the certain time period has not
elapsed (NO in S3), the process returns.

[0063] When the certain time period has elapsed, that is, when four wheel speed values are zero during the certain
time period (YES in S3), VP 120 provides information indicating "Standstill" to vehicle control interface 110 (S5).

<Procedure of Processing for Determining Moving Direction of Vehicle>

[0064] Fig. 5 is a flowchart showing a procedure of processing for determining a moving direction of the vehicle.
Processing in the flowchart in Fig. 5 is repeatedly performed every prescribed control cycle in vehicle control interface
110. Though an example in which processing in the flowchart in Fig. 5 is performed by software processing by vehicle
control interface 110 is described, a part or the entirety thereof may be implemented by hardware (electric circuitry)
made in vehicle control interface 110.

[0065] Vehicle control interface 110 determines whether or not it has received information indicating "Standstill" from
VP 120 (S11). When vehicle control interface 110 has received information indicating "Standstill" from VP 120 (YES in
S11), it determines the moving direction of vehicle 10 as "Standstill" and sets the value 2 in the signal indicating the
actual moving direction (S12).

[0066] When vehicle control interface 110 has not received information indicating "Standstill" from VP 120 (NO in
S11), it determines whether or not the number of wheels rotating in the forward rotation direction is larger than two (S13).
When the number of wheels rotating in the forward rotation direction is larger than two (YES in S13), vehicle control
interface 110 determines the moving direction of vehicle 10 as "Forward" and sets the value 0 in the signal indicating
the actual moving direction (S14).

[0067] When the number of wheels rotating in the forward rotation direction is not larger than two (NO in S13), that
is, when the number of wheels rotating in the forward rotation direction is equal to or smaller than two, vehicle control
interface 110 determines whether or not the number of wheels rotating in the reverse rotation direction is larger than
two (S15). When the number of wheels rotating in the reverse rotation direction is larger than two (YES in S15), vehicle
control interface 110 determines the moving direction of vehicle 10 as "Reverse" and sets the value 1 in the signal
indicating the actual moving direction (S16).

[0068] When the number of wheels rotating in the reverse rotation direction is not larger than two (NO in S15), that
is, when the number of wheels (two) rotating in the forward rotation direction is equal to the number of wheels (two)
rotating in the reverse rotation direction, vehicle control interface 110 determines the moving direction of vehicle 10 as
"Undefined" and sets the value 3 in the signal indicating the actual moving direction (S17).

[0069] When vehicle control interface 110 sets a value in the signal indicating the actual moving direction, it provides
the signal indicating the actual moving direction to ADK 200 (S18). ADK 200 can thus recognize the moving direction
of vehicle 10.

[0070] As set forth above, in the MaaS system according to the present embodiment, vehicle control interface 110
that interfaces between VP 120 and ADK 200 is provided. Vehicle control interface 110 determines the moving direction
of vehicle 10 based on various types of information from VP 120. Then, vehicle control interface 110 provides the signal
indicating the moving direction (the signal indicating the actual moving direction) of vehicle 10 to ADK 200. The moving
direction of vehicle 10 can thus appropriately be conveyed to ADK 200. By appropriately conveying the moving direction
of vehicle 10, ADK 200 can create a more proper driving plan and hence accuracy in autonomous driving can be enhanced.
[0071] Even though a developer of vehicle main body 100 is different from a developer of ADK 200, they can be in
coordination with each other owing to development of vehicle main body 100 and ADK 200 in accordance with a procedure
and a data format (API) determined for vehicle control interface 110.

[0072] Though an example in which vehicle control interface 110 determines the moving direction of vehicle 10 is
described in the present embodiment, VP 120 may determine the moving direction of vehicle 10. In this case, vehicle
control interface 110 relays the signal indicating the moving direction of vehicle 10 provided from VP 120 and provides
the signal to ADK 200.

[Aspects]

[0073] The exemplary embodiment described above will be understood by a person skilled in the art as a specific
example of aspects below.

(Clause 1) A vehicle according to one aspect is a vehicle on which an autonomous driving system is mountable.
The vehicle includes a vehicle platform that controls the vehicle in accordance with aninstruction from the autonomous
driving system and a vehicle control interface that interfaces between the vehicle platform and the autonomous
driving system. The vehicle control interface provides to the autonomous driving system, a signal indicating a moving
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direction of the vehicle that is determined based on the majority rule in connection with rotation directions of wheels.
(Clause 2) In the vehicle described in Clause 1, when all wheel speed values are zero during a certain time period,
the vehicle control interface provides to the autonomous driving system, a signal indicating "Standstill" as the signal
indicating the moving direction of the vehicle.

(Clause 3) In the vehicle described in Clause 1 or 2, when the number of wheels rotating in a forward rotation
direction is larger than the number of wheels rotating in a reverse rotation direction, the vehicle control interface
provides a signal indicating "Forward" to the autonomous driving system, and when the number of wheels rotating
in the reverse rotation direction is larger than the number of wheels rotating in the forward rotation direction, the
vehicle control interface provides a signal indicating "Reverse" to the autonomous driving system.

(Clause 4) In the vehicle described in any one of Clauses 1 to 3, when the number of wheels rotating in a forward
rotation direction is equal to the number of wheels rotating in a reverse rotation direction, the vehicle control interface
provides information indicating "Undefined" to the autonomous driving system.

(Clause 5) A vehicle according to one aspect includes an autonomous driving system that creates a driving plan, a
vehicle platform that carries out vehicle control in accordance with an instruction from the autonomous driving
system, and a vehicle control interface that interfaces between the vehicle platform and the autonomous driving
system. The vehicle control interface provides to the autonomous driving system, a signal indicating a moving
direction of the vehicle that is determined based on the majority rule in connection with rotation directions of wheels.
(Clause 6) In the vehicle described in Clause 5, when all wheel speed values are zero during a certain time period,
the vehicle control interface provides to the autonomous driving system, a signal indicating "Standstill" as the signal
indicating the moving direction of the vehicle.

(Clause 7) In the vehicle described in Clause 5 or 6, when the number of wheels rotating in a forward rotation
direction is larger than the number of wheels rotating in a reverse rotation direction, the vehicle control interface
provides a signal indicating "Forward" to the autonomous driving system, and when the number of wheels rotating
in the reverse rotation direction is larger than the number of wheels rotating in the forward rotation direction, the
vehicle control interface provides a signal indicating "Reverse" to the autonomous driving system.

(Clause 8) In the vehicle described in any one of Clauses 5 to 7, when the number of wheels rotating in a forward
rotation direction is equal to the number of wheels rotating in a reverse rotation direction, the vehicle control interface
provides information indicating "Undefined" to the autonomous driving system.

(Clause 9) A method of controlling a vehicle according to one aspect is a method of controlling a vehicle on which
an autonomous driving system is mountable. The vehicle includes a vehicle platform that controls the vehicle in
accordance with an instruction from the autonomous driving system and a vehicle control interface that interfaces
between the vehicle platform and the autonomous driving system. The method includes providing to the autonomous
driving system, by the vehicle control interface, a signal indicating a moving direction of the vehicle that is determined
based on the majority rule in connection with rotation directions of wheels.

(Clause 10) The method of controlling a vehicle described in Clause 9 further includes providing to the autonomous
driving system, by the vehicle control interface, a signal indicating "Standstill" as the signal indicating the moving
direction of the vehicle when all wheel speed values are zero during a certain time period.

(Clause 11) The method of controlling a vehicle described in Clause 9 or 10 further includes providing, by the vehicle
controlinterface, a signal indicating "Forward" to the autonomous driving system when the number of wheels rotating
in aforward rotation direction is larger than the number of wheels rotating in a reverse rotation direction, and providing,
by the vehicle control interface, a signal indicating "Reverse" to the autonomous driving system when the number
of wheels rotating in the reverse rotation direction is larger than the number of wheels rotating in the forward rotation
direction.

(Clause 12) The method of controlling a vehicle described in any one of Clauses 9 to 11 further includes providing,
by the vehicle control interface, information indicating "Undefined" to the autonomous driving system when the
number of wheels rotating in a forward rotation direction is equal to the number of wheels rotating in a reverse
rotation direction.

[0074] Examples are given below. Although the examples mention Toyota, they can be transposed to other companies,
e.g. other vehicle manufacturers.

[Example 1]

[0075] Toyota’'s MaaS Vehicle Platform
API Specification

for ADS Developers

[Standard Edition #0.1]

History of Revision
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3.8.1. Functions 80
3.8.2. Inputs 80
3.8.3. Outputs 80
1. Outline

1.1. Purpose of this Specification

[0077] This document is an API specification of Toyota Vehicle Platform and contains the outline, the usage and the
caveats of the application interface.

1.2. Target Vehicle

[0078] e-Palette, MaaS vehicle based on the POV (Privately Owned Vehicle) manufactured by Toyota
1.3. Definition of Term

[0079]

Table 2

Term Definition

ADS Autonomous Driving System.

ADK Autonomous Driving Kit
VP Vehicle Platform.

VCIB | Vehicle Control Interface Box.
Thisisan ECU for the interface and the signal converter between ADS and Toyota VP’s sub systems.

1.4. Precaution for Handling

[0080] This is an early draft of the document.

[0081] All the contents are subject to change. Such changes are notified to the users. Please note that some parts
are still T.B.D. will be updated in the future.

2. Structure

2.1. Overall Structure of MaaS

[0082] The overall structure of MaaS with the target vehicle is shown (Fig. 6).

[0083] Vehicle control technology is being used as an interface for technology providers.

[0084] Technology providers canreceive open APl such as vehicle state and vehicle control, necessary for development
of automated driving systems.

2.2. System structure of MaaS vehicle

[0085] The system architecture as a premise is shown (Fig. 7).

[0086] The target vehicle will adopt the physical architecture of using CAN for the bus between ADS and VCIB. In
order to realize each API in this document, the CAN frames and the bit assignments are shown in the form of "bit
assignment table" as a separate document.

3. Application Interfaces

3.1. Responsibility sharing of when using APls

[0087] Basic responsibility sharing between ADS and vehicle VP is as follows when using APIs.

1"
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[ADS]
[0088] The ADS should create the driving plan, and should indicate vehicle control values to the VP.
[VP]
[0089] The Toyota VP should control each system of the VP based on indications from an ADS.
3.2. Typical usage of APIs

[0090] In this section, typical usage of APIs is described.

[0091] CAN will be adopted as a communication line between ADS and VP. Therefore, basically, APls should be
executed every defined cycle time of each API by ADS.

[0092] A typical workflow of ADS of when executing APIs is as follows (Fig. 8).

3.3. APIs for vehicle motion control

[0093] In this section, the APIs for vehicle motion control which is controllable in the MaaS vehicle is described.
3.3.1. Functions

3.3.1.1. Standstill, Start Sequence

[0094] The transition to the standstill (immobility) mode and the vehicle start sequence are described. This function
presupposes the vehicle is in Autonomy_State = Autonomous Mode. The request is rejected in other modes.

[0095] The below diagram shows an example.

[0096] Acceleration Command requests deceleration and stops the vehicle. Then, when Longitudinal_Velocity is con-
firmed as 0 [km/h], Standstill Command = "Applied" is sent. After the brake hold control is finished, Standstill Status
becomes "Applied". Until then, Acceleration Command has to continue deceleration request. Either Standstill Command
= "Applied" or Acceleration Command’s deceleration request were canceled, the transition to the brake hold control will
not happen. After that, the vehicle continues to be standstill as far as Standstill Command = "Applied" is being sent.
Acceleration Command can be set to 0 (zero) during this period.

[0097] If the vehicle needs to start, the brake hold control is cancelled by setting Standstill Command to "Released".
At the same time, acceleration/deceleration is controlled based on Acceleration Command (Fig. 9).

[0098] EPB is engaged when Standstill Status = "Applied" continues for 3 minutes.

3.3.1.2. Direction Request Sequence

[0099] The shiftchange sequence is described. This function presupposes that Autonomy_State = Autonomous Mode.
Otherwise, the request is rejected.

[0100] Shift change happens only during Actual_Moving_Direction = "standstill"). Otherwise, the request is rejected.
[0101] In the following diagram shows an example. Acceleration Command requests deceleration and makes the
vehicle stop. After Actual_Moving_Direction is set to "standstill", any shift position can be requested by Propulsion
Direction Command. (In the example below, "D" — "R").

[0102] During shift change, Acceleration Command has to request deceleration.

[0103] Afterthe shift change, acceleration/deceleration is controlled based on Acceleration Command value (Fig. 10).

3.3.1.3. WheelLock Sequence

[0104] The engagement and release of wheel lock is described. This function presupposes Autonomy_State = Auton-
omous Mode, otherwise the request is rejected.

[0105] This function is conductible only during vehicle is stopped. Acceleration Command requests deceleration and
makes the vehicle stop. After Actual_Moving_Direction is set to "standstill", WheelLock is engaged by Immobilization
Command = "Applied". Acceleration Command is set to Deceleration until Immobilization Status is set to "Applied".
[0106] If release is desired, Immobilization Command = "Release" is requested when the vehicle is stationary. Accel-
eration Command is set to Deceleration at that time.

[0107] Atfter this, the vehicle is accelerated/decelerated based on Acceleration Command value (Fig. 11).

12
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3.3.1.4. Road_Wheel_Angle Request
[0108] This function presupposes Autonomy_State = "Autonomous Mode", and the request is rejected otherwise.
[0109] Tire Turning Angle Command is the relative value from Estimated_Road_Wheel_Angle_Actual.
[0110] For example, in case that Estimated_Road_Wheel_Angle_Actual = 0.1 [rad] while the vehicle is going straight;
[0111] If ADS requests to go straight ahead, Tire Turning Angle Command should be set to 0+0.1 = 0.1 [rad].
[0112] If ADS requests to steer by -0.3 [rad], Tire Turning Angle Command should be set to -0.3+0.1 = -0.2 [rad].
3.3.1.5. Rider Operation
3.3.1.5.1. Acceleration Pedal Operation

[0113] Whilein Autonomous driving mode, accelerator pedal stroke is eliminated from the vehicle acceleration demand
selection.

3.3.1.5.2. Brake Pedal Operation

[0114] The action when the brake pedal is operated. In the autonomy mode, target vehicle deceleration is the sum of
1) estimated deceleration from the brake pedal stroke and 2) deceleration request from AD system.

3.3.1.5.3. Shift_Lever_Operation
[0115] In Autonomous driving mode, driver operation of the shift lever is not reflected in Propulsion Direction Status.
[0116] If necessary, ADS confirms Propulsion Direction by Driver and changes shift position by using Propulsion
Direction Command.
3.3.1.5.4. Steering Operation
[0117] When the driver (rider) operates the steering, the maximum is selected from

1) the torque value estimated from driver operation angle, and

2) the torque value calculated from requested wheel angle.

[0118] Note that Tire Turning Angle Command is not accepted if the driver strongly turns the steering wheel. The
above-mentioned is determined by Steering_Wheel_Intervention flag.

3.3.2. Inputs
[0119]
Table 3

Signal Name Description Redundancy
Propulsion Direction Command | Request to switch between forward (D range) and back (R range) | N/A
Immobilization Command Request to engage/release WheelLock Applied
Standstill Command Request to maintain stationary Applied
Acceleration Command Request to accelerate/decelerate Applied
Tire Turning Angle Command Request front wheel angle Applied
Autonomization Command Request to transition between manual mode and autonomy mode | Applied

13
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3.3.2.1. Propulsion Direction Command

Request to switch between forward (D range) and back (R range)

Values
[0120]
Table 4
value | Description Remarks
0 No Request
2 R Shiftto Rrange
4 D Shiftto Drange
other | Reserved
Remarks
[0121]

*  Only available when Autonomy_State = "Autonomous Mode"
* DJ/R is changeable only the vehicle is stationary (Actual_Moving_Direction = "standstill").
e  The request while driving (moving) is rejected.

*  When system requests D/R shifting, Acceleration Command is sent deceleration (-0.4 m/s2) simultaneously. (Only
while brake is applied.)

* The request may not be accepted in following cases.
e Direction_Control_Degradation_Modes = "Failure detected"
3.3.2.2. Immobilization Command

Request to engage/release WheelLock

Values
[0122]
Table 5

value | Description | Remarks

0 No Request

1 Applied EPB is turned on and TM shifts to P range

2 Released EPB is turned off and TM shifts to the value of Propulsion Direction Command
Remarks
[0123]

e Available only when Autonomy_State = "Autonomous Mode"

¢ Changeable only when the vehicle is stationary (Actual_Moving_Direction = "standstill")

14
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The request is rejected when vehicle is running.

When Apply/Release mode change is requested, Acceleration Command is set to deceleration (-0.4 m/s2). (Only
while brake is applied.)

3.3.2.3. Standstill Command

Request the vehicle to be stationary

Values
[0124]
Table 6
value | Description | Remarks
0 No Request
1 Applied Standstill is requested
2 Released
Remarks
[0125]

Only available when Autonomy_State = "Autonomous Mode"

Confirmed by Standstill Status = "Applied"

When the vehicle is stationary (Actual_Moving_Direction = "standstill"), transition to Stand Still is enabled.
Acceleration Command has to be continued until Standstill Status becomes "Applied" and Acceleration Command’s
deceleration request (-0.4 m/s2) should be continued.

There are more cases where the request is not accepted. Details are T.B.D.

3.3.2.4. Acceleration Command

Command vehicle acceleration

Values

Estimated_Max_Decel_Capability to Estimated_Max_Accel_Capability [m/s2]

Remarks

[0126]

Only available when Autonomy_State = "Autonomous Mode"

Acceleration (+) and deceleration (-) request based on Propulsion Direction Status direction

The upper/lower limit will vary based on Estimated_Max_Decel_Capability and Estimated_Max_Accel_Capability.
When acceleration more than Estimated_Max_Accel_Capability is requested, the request is set to
Estimated_Max_Accel_Capability.

When deceleration more than Estimated_Max_Decel_Capability is requested, the request is set to
Estimated_Max_Decel_Capability.

Depending on the accel/brake pedal stroke, the requested acceleration may not be met. See 3.4.1.4 for more detail.
When Pre[d Collision system is activated simultaneously, minimum acceleration (maximum deceleration) is selected.

15



10

15

20

25

30

35

40

45

50

55

3.3.2.5. Tire Turning Angle Command
Command tire turning angle
Values

[0127]

Remarks

[0128]

EP 3 858 700 A1

Table 7

value | Description | Remarks

- [unit: rad]

e Leftis positive value (+). Right is negative value (-).
¢ Available only when Autonomy_State = "Autonomous Mode"
* Theoutput of Estimated_Road_Wheel_Angle_Actual when the vehicle is going straight, is set to the reference value

0).

e This requests relative value of Estimated_Road_Wheel_Angle_Actual. (See 3.4.1.1 for details)
¢ The requested value is within Current_Road_Wheel_Angle_Rate_Limit.
e The requested value may not be fulfilled depending on the steer angle by the driver.

3.3.2.6. Autonomization Command

Request to transition between manual mode and autonomy mode

Values

[0129]

Table 8

value | Description

Remarks

00b No Request For Autonomy

01b Request For Autonomy

10b Deactivation Request means transition request to manual mode

[0130] < The mode may be able not to be transitioned to Autonomy mode. (e.g. In case that a failure occurs in the

vehicle platform.)

3.3.3. Outputs

[0131]
Table 9
Signal Name Description Redundancy
Propulsion Direction Status Current shift range N/A
Propulsion Direction by Driver Shift lever position by driver N/A
Immobilization Status Output of EPB and Shift P Applied
Immobilization Request by Driver EPB switch status by driver N/A
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(continued)
Signal Name Description Redundancy
Standstill Status Stand still status N/A
Estimated_Coasting_Rate Estimated vehicle deceleration when throttle is closed | N/A
Estimated_Max_Accel_Capability Estimated maximum acceleration Applied
Estimated_Max_Decel_Capability Estimated maximum deceleration Applied
Estimated_Road_Wheel_Angle_ Actual Front wheel steer angle Applied
Estimated_Road_Wheel_Angle_ Rate_ Front wheel steer angle rate Applied
Actual
Steering_Wheel_Angle_Actual Steering wheel angle N/A
Steering_Wheel_Angle_Rate_ Actual Steering wheel angle rate N/A
Current_Road_Wheel_Angle_ Rate_Limit | Road wheel angle rate limit Applied
Estimated_Max_Lateral _ Acceleration_ Estimated max lateral acceleration Applied
Capability
Estimated_Max_Lateral _ Acceleration_ Estimated max lateral acceleration rate Applied
Rate_Capabiliity
Accelerator_Pedal_Position Position of the accelerator pedal (How much is the N/A
pedal depressed?)
Accelerator_Pedal_Intervention This signal shows whether the accelerator pedal is N/A
depressed by a driver (intervention)
Brake_Pedal_Position Position of the brake pedal (How much is the pedal T.B.D.
depressed?)
Brake Pedal_Intervention This signal shows whether the brake pedal is T.B.D.
depressed by a driver (intervention)
Steering_Wheel_Intervention This signal shows whether the steering wheelisturned | T.B.D.
by a driver (intervention)
Shift_Lever_Intervention This signal shows whether the shift lever is controlled | T.B.D.
by a driver (intervention)
WheelSpeed FL wheel speed value (Front Left Wheel) N/A
WheelSpeed_ FL_Rotation Rotation direction of wheel (Front Left) N/A
WheelSpeed_FR wheel speed value (Front Right Wheel) N/A
WheelSpeed_FR_Rotation Rotation direction of wheel (Front Right) N/A
WheelSpeed RL wheel speed value (Rear Left Wheel) Applied
WheelSpeed RL_Rotation Rotation direction of wheel (Rear Left) Applied
WheelSpeed RR wheel speed value (Rear Right Wheel) Applied
WheelSpeed RR_Rotation Rotation direction of wheel (Rear Right) Applied
Actual_ Moving_ Direction Moving direction of vehicle Applied
Longitudinal_Velocity Estimated longitudinal velocity of vehicle Applied
Longitudinal_Acceleration Estimated longitudinal acceleration of vehicle Applied
Lateral_Acceleration Sensor value of lateral acceleration of vehicle Applied
Yawrate Sensor value of Yaw rate Applied
Autonomy_State State of whether autonomy mode or manual mode Applied

17
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autonomy mode occurs or not

(continued)
Signal Name Description Redundancy
Autonomy_Ready Situation of whether the vehicle can transition to Applied
autonomy mode or not
Autonomy_Fault Status of whether the fault regarding a functionality in | Applied

3.3.3.1. Propulsion Direction Status
Current shift range
Values

[0132]

Remarks

[0133]

Table 10
value | Description remarks
0 Reserved
1 P
2 R
3 N
4 D
5
6 Reserved
7 Invalid value

¢ When the shift range is indeterminate, this output is set to "Invalid Value".
¢  When the vehicle becomes the following status during VO mode, [Propulsion Direction Status] will turn to "P".

- [Longitudinal_Velocity] = 0 [km/h]
- [Brake_Pedal_Position] < Threshold value (T.B.D.) (in case of being determined that the pedal isn’'t depressed)
- [1st_Left Seat Belt Status] = Unbuckled
- [1st_Left Door Open_Status] = Opened

3.3.3.2. Propulsion Direction by Driver

Shift lever position by driver operation

Values

[0134]

Table 11
value | Description remarks
0 No Request

1 P
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(continued)

value

Description

remarks

R

N

D

B

Reserved

N|lo|loalh~|lO|DN

Invalid value

e Output based on the lever position operated by driver

e Ifthe driver releases his hand of the shift lever, the lever returns to the central position and the output is set as "No

Request".

*  When the vehicle becomes the following status during NVO mode, [Propulsion Direction by Driver] will turn to "1(P)".

- [Longitudinal_Velocity] = 0 [km/h]

- [Brake_Pedal_Position] < Threshold value (T.B.D.) (in case of being determined that the pedal isn’'t depressed)

- [1st_Left Seat Belt Status] = Unbuckled

- [1st_Left Door Open_Status] = Opened

3.3.3.3. Immobilization Status

Output EPB and Shift-P status

Values
<Primary>

[0136]

<Secondary>

[0137]

Table 12
Value Description Remarks
Shift | EPB
0 0 Shift set to other than P, and EPB Released
1 0 Shift set to P and EPB Released
0 1 Shift set to other than P, and EPB applied

Shift set to P and EPB Applied
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Table 13
Value Description Remarks
Shift
0 0 Otherthan ShiftP
1 0 Shift P
0 1 Reserved
1 1 Reserved
Remarks
[0138]
e Secondary signal does not include EPB lock status.
3.3.3.4. Immobilization Request by Driver
Driver operation of EPB switch
Values
[0139]
Table 14
value Description remarks
0 No Request
1 Engaged
2 Released
3 Invalid value
Remarks
[0140]
* "Engaged" is outputted while the EPB switch is being pressed.
* "Released" is outputted while the EPB switch is being pulled.
3.3.3.5. Standstill Status
Vehicle stationary status
Values
[0141]
Table 15
Value Description remarks
0 Released
1 Applied
2 Reserved
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(continued)
Value | Description remarks
3 Invalid value

Remarks
[0142]

¢  When Standstill Status = Applied continues for 3 minutes, EPB is activated.
¢ If the vehicle is desired to start, ADS requests Standstill Command = "Released".

3.3.3.6. Estimated_Coasting_Rate

[0143] Estimated vehicle deceleration when throttle is closed

Values

[0144] [unit: m/s?]

Remarks

[0145]

* Estimated acceleration at WOT is calculated.

¢ Slope and road load etc. are taken into estimation.

¢ When the Propulsion Direction Status is "D", the acceleration to the forward direction shows a positive value.
¢ When the Propulsion Direction Status is "R", the acceleration to the reverse direction shows a positive value.
3.3.3.7. Estimated_Max_Accel_Capability

Estimated maximum acceleration

Values

[0146] [unit: m/s?]

Remarks

[0147]

*  The acceleration at WOT is calculated.

¢ Slope and road load etc. are taken into estimation.

e The direction decided by the shift position is considered to be plus.
3.3.3.8. Estimated_Max_Decel_Capability

Estimated maximum deceleration

Values

[0148] -9.8 to O [unit: m/s2]

Remarks

[0149]

21



10

15

20

25

30

35

40

45

50

55

EP 3 858 700 A1

e Affected by Brake_System_Degradation_Modes. Details are T.B.D.
e Based on vehicle state or road condition, cannot output in some cases

3.3.3.9. Estimated_Road_Wheel_Angle_Actual

Front wheel steer angle

Values
[0150]
Table 16

value Description Remarks

others [unit: rad]

Minimum Value Invalid value | The sensor is invalid.
Remarks
[0151]

e Leftis positive value (+). Right is negative value (-).

* Before "the wheel angle when the vehicle is going straight" becomes available, this signal is Invalid value.

3.3.3.10. Estimated_Road_Wheel_Angle_Rate_Actual

Front wheel steer angle rate

Values
[0152]
Table 17
value Description Remarks
others [unit: rad/s]
Minimum Value | Invalid value
Remarks
[0153]
e Leftis positive value (+). Right is negative value (-).
3.3.3.11. Steering_Wheel_Angle_Actual
Steering wheel angle
Values
[0154]
Table 18
Value Description Remarks
others [unit: rad]
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(continued)

Value Description Remarks

Minimum Value Invalid value

Remarks

[0155]

e Leftis positive value (+). Right is negative value (-).

* The steering angle converted from the steering assist motor angle

* Before "the wheel angle when the vehicle is going straight" becomes available, this signal is Invalid value.

3.3.3.12. Steering_Wheel_Angle_Rate_Actual

Steering wheel angle rate

Values
[0156]
Table 19
Value Description Remarks
others [unit: rad/s]
Minimum Value | Invalid value
Remarks
[0157]

e Leftis positive value (+). Right is negative value (-).

e The steering angle rate converted from the steering assist motor angle rate 3.3.3.13.
Current_Road_Wheel_Angle_Rate_Limit

Road wheel angle rate limit

Values

[0158]

¢ When stopped: 0.4 [rad/s]
e While running: Show "Remarks"

Remarks
[0159] Calculated from the "vehicle speed - steering angle rate" chart like below

A) At a very low speed or stopped situation, use fixed value of 0.4 [rad/s]
B) At a higher speed, the steering angle rate is calculated from the vehicle speed using 2.94 m/s3

[0160] The threshold speed between A and B is 10 [km/h] (Fig. 12).
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3.3.3.14. Estimated_Max_Lateral_Acceleration_Capability
Estimated max lateral acceleration
Values
[0161] 2.94 [unit: m/s?] fixed value
Remarks
[0162]
*  Wheel Angle controller is designed within the acceleration range up to 2.94 m/s2.
3.3.3.15. Estimated_Max_Lateral_Acceleration_Rate_Capability
Estimated max lateral acceleration rate
Values
[0163] 2.94 [unit: m/s3] fixed value
Remarks
[0164]
*  Wheel Angle controller is designed within the acceleration range up to 2.94 m/s3.
3.3.3.16. Accelerator_Pedal_Position
[0165] Position of the accelerator pedal (How much is the pedal depressed?)
Values
[0166] O to 100 [unit: %]
Remarks

[0167]

* In order not to change the acceleration openness suddenly, this signal is filtered by smoothing process.

¢ In normal condition

The accelerator position signal after zero point calibration is transmitted.
e In failure condition

Transmitted failsafe value (OXFF)

3.3.3.17. Accelerator_Pedal_Intervention

[0168] This signal shows whether the accelerator pedal is depressed by a driver (intervention).

Values
[0169]

Table 20

Value | Description Remarks

0 Not depressed
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(continued)
Value | Description Remarks
1 depressed
2 Beyond autonomy acceleration
Remarks
[0170]

*  When Accelerator_Pedal_Position is higher than the defined threshold value (ACCL_INTV), this signal
[Accelerator _Pedal_Intervention] will turn to "depressed".

[0171] When the requested acceleration from depressed acceleration pedal is higher than the requested acceleration
from system (ADS, PCS etc.), this signal will turn to "Beyond autonomy acceleration".

e During NVO mode, accelerator request will be rejected. Therefore, this signal will not turn to "2".
[0172] Detail design (Fig. 13)
3.3.3.18. Brake_Pedal_Position
[0173] Position of the brake pedal (How much is the pedal depressed?)
Values
[0174] 0 to 100 [unit: %]
Remarks
[0175]
¢ In the brake pedal position sensor failure:
Transmitted failsafe value (OXFF)
* Due to assembling error, this value might be beyond 100%.

3.3.3.19. Brake_Pedal_Intervention

[0176] This signal shows whether the brake pedal is depressed by a driver (intervention).

Values
[0177]
Table 21
Value | Description Remarks
0 Not depressed
1 depressed
2 Beyond autonomy deceleration
Remarks
[0178]
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e When Brake_Pedal_Position is higher than the defined threshold value (BRK_INTV),
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[Brake Pedal_Intervention] will turn to "depressed"”.

*  When therequested deceleration from depressed brake pedal is higher than the requested deceleration from system

(ADS, PCS etc.), this signal will turn to "Beyond autonomy deceleration".

[0179]

Detail design (Fig. 14)

3.3.3.20. Steering_Wheel_Intervention

[0180]
Values

[0181]

Remarks

[0182]

* In "Steering Wheel Intervention = 1", considering the human driver’s intent, EPS system will drive the steering with

This signal shows whether the steering wheel is turned by a driver (intervention).

Table 22
Value | Description Remarks
0 Not turned
1 Turned collaboratively Driver steering torque + steering motor torque
2 Turned by human driver

the Human driver collaboratively.

* In "Steering Wheel Intervention = 2", considering the human driver’s intent, EPS system will reject the steering

requirement from autonomous driving kit. (The steering will be driven the human driver.)

3.3.3.21. Shift_Lever_Intervention

[0183]
Values

[0184]

Remarks
[0185]

« N/A

This signal shows whether the shift lever is controlled by a driver (intervention).

Table 23
Value | Description | Remarks
0 OFF
1 ON Controlled (moved to any shift position)
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3.3.3.22. WheelSpeed_FL, WheelSpeed FR, WheelSpeed RL, WheelSpeed RR wheel speed value

Values
[0186]
Table 24

Value Description Remarks

others Velocity [unit: m/s]

Maximum Value | Invalid value The sensor is invalid.
Remarks
[0187]
¢ T.B.D.

3.3.3.23. WheelSpeed FL_Rotation, WheelSpeed_FR_Rotation, WheelSpeed RL_Rotation,
WheelSpeed RR_Rotation

Rotation direction of each wheel

Values
[0188]
Table 25

value | Description remarks

0 Forward

1 Reverse

2 Reserved

3 Invalid value The sensor is invalid.
Remarks
[0189]

e After activation of ECU, until the rotation direction is fixed, "Forward" is set to this signal.
*  When detected continuously 2 (two) pulses with the same direction, the rotation direction will be fixed.

3.3.3.24. Actual_Moving_Direction
Rotation direction of wheel

Values

[0190]

Table 26

value | Description | remarks

0 Forward

1 Reverse
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(continued)

value | Description | remarks
2 Standstill
3 Undefined

Remarks
[0191]
e This signal shows "Standstill" when four wheel speed values are "0" during a constant time.

¢ When other than above, this signal will be determined by the majority rule of four WheelSpeed_Rotations.
¢ When more than two WheelSpeed_Rotations are "Reverse", this signal shows "Reverse".
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When more than two WheelSpeed_Rotations are "Forward", this signal shows "Forward".

*  When "Forward" and "Reverse" are the same counts, this signal shows "Undefined".
3.3.3.25. Longitudinal_Velocity

Estimated longitudinal velocity of vehicle

Values
[0192]
Table 27
Value Description Remarks
others Velocity [unit: m/s]
Maximum Value | Invalid value The sensor is invalid.
Remarks
[0193]
e This signal is output as the absolute value.
3.3.3.26. Longitudinal_Acceleration
Estimated longitudinal acceleration of vehicle
Values
[0194]
Table 28
value Description Remarks
others Acceleration [unit: m/s2]
Minimum Value | Invalid value The sensor is invalid.
Remarks
[0195]

e This signal will be calculated with wheel speed sensor and acceleration sensor.
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*  When the vehicle is driven at a constant velocity on the flat road, this signal shows "0".
3.3.3.27. Lateral_Acceleration

Sensor value of lateral acceleration of vehicle

Values
[0196]
Table 29

Value Description Remarks

others Acceleration [unit: m/s2]

Minimum Value Invalid value The sensor is invalid.
Remarks
[0197]

e The positive value means counterclockwise. The negative value means clockwise.
3.3.3.28. Yawrate

Sensor value of Yaw rate

Values
[0198]
Table 30

Value Description Remarks

others Yaw rate [unit: deg/s]

Minimum Value | Invalid value The sensor is invalid.
Remarks
[0199]

e The positive value means counterclockwise. The negative value means clockwise.
3.3.3.29. Autonomy_State

State of whether autonomy mode or manual mode

Values
[0200]
Table 31
value | Description Remarks
00 Manual Mode The mode starts from Manual mode.

01 Autonomous Mode
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Remarks

[0201]

e The initial state is the Manual mode. (When Ready ON, the vehicle will start from the Manual mode.)

3.3.3.30. Autonomy_Ready

Situation of whether the vehicle can transition to autonomy mode or not

Values
[0202]
Table 32

value | Description Remarks

00b Not Ready For Autonomy

01b Ready For Autonomy

11b Invalid means the status is not determined.
Remarks
[0203]

e This signal is a part of transition conditions toward the Autonomy mode.
[0204] Please see the summary of conditions.
3.3.3.31. Autonomy_Fault

Status of whether the fault regarding a functionality in autonomy mode occurs or not Values

[0205]
Table 33

value | Description | Remarks

00b No fault

01b Fault

11b Invalid means the status is not determined.
Remarks
[0206]

* [T.B.D.] Please see the other material regarding the fault codes of a functionality in autonomy mode.

e [T.B.D.] Need to consider the condition to release the status of "fault".
3.4. APIs for BODY control
3.4.1. Functions

[0207] T.B.D.
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3.4.2. Inputs
[0208]
Table 34
Signal Name Description Redundancy
Turnsignallight_Mode_Command Command to control the turnsignallight mode of the | N/A
vehicle platform
Headlight_ Mode_Command Command to control the headlight mode of the vehicle | N/A
platform
Hazardlight_Mode_Command Command to control the hazardlight mode of the N/A
vehicle platform
Horn_Pattern_Command Command to control the pattern of horn ON-time and | N/A
OFF-time per cycle of the vehicle platform
Horn_Number_of Cycle_Command Command to control the Number of horn ON/OFF N/A
cycle of the vehicle platform
Horn_Continuous_Command Command to control of horn ON of the vehicle platform | N/A
Windshieldwiper_Mode_Front_ Command | Command to control the front windshield wiper of the | N/A
vehicle platform
Windshieldwiper_Intermittent_ Wiping_ Command to control the Windshield wiper actuation | N/A
Speed_Command interval at the Intermittent mode
Windshieldwiper_Mode_Rear_ Command Command to control the rear windshield wiper mode | N/A
of the vehicle platform
Hvac_1st Command Command to start/stop 1strow air conditioning control | N/A
Hvac_2nd_Command Command to start/stop 2nd row air conditioning N/A
control
Hvac_TargetTemperature_ 1 st_Left_ Command to set the target temperature around front | N/A
Command left area
Hvac_TargetTemperature_ 1st_Right_ Command to set the target temperature around front | N/A
Command right area
Hvac_TargetTemperature_ 2nd_Left_ Command to set the target temperature around rear | N/A
Command left area
Hvac_TargetTemperature_ 2nd_Right_ Command to set the target temperature around rear | N/A
Command right area
Hvac Fan_Level 1 st Row_Command Command to set the fan level on the front AC N/A
Hvac Fan_Level 2nd_Row_Command Command to set the fan level on the rear AC N/A
Hvac_1 st Row_AirOutlet Mode Command to set the mode of 1st row air outlet N/A
Command
Hvac_2nd_Row_AirOutlet Mode Command to set the mode of 2nd row air outlet N/A
Command
Hvac_Recirculate_ Command Command to set the air recirculation mode N/A
Hvac_AC_Command Command to set the AC mode N/A
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3.4.2.1. Turnsignallight_Mode_Command
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Command to control the turnsignallight mode of the vehicle platform

Values
[0209]
Table 35
value | Description | remarks
0 OFF Blinker OFF
1 Right Right blinker ON
2 Left Left blinker ON
3 reserved
Remarks
[0210] T.B.D.

Detailed Design

[0211] When Turnsignallight_Mode_Command = 1, vehicle platform sends left blinker on request.
[0212] When Turnsignallight_Mode_Command = 2, vehicle platform sends right blinker on request.

3.4.2.2. Headlight_Mode_Command

Command to control the headlight mode of the vehicle platform

Values
[0213]
Table 36
Value | Description remarks
0 No Request Keep current mode
1 TAIL mode request side lamp mode
2 HEAD mode request | Lo mode
3 AUTO mode request
4 HI mode request
5 OFF Mode Request
6-7 reserved
Remarks
[0214]

e This command is valid when Headlight_Driver_Input = OFF or Auto mode ON.

e Driver input overrides this command.

¢ Headlight mode changes when Vehicle platform receives once this command.
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3.4.2.3. Hazardlight_Mode_Command

Command to control the hazardlight mode of the vehicle platform

Values
[0215]
Table 37
value | Description | remarks
0 OFF command for hazardlight OFF
1 ON command for hazardlight ON
Remarks
[0216]

¢ Driver input overrides this command.

e Hazardlight is active during Vehicle Platform receives ON command.

3.4.2.4. Horn_Pattern_Command

Command to control the pattern of horn ON-time and OFF-time per cycle of the vehicle platform

Values
[0217]
Table 38
value | Description | remarks
0 No request
1 Pattern 1 ON-time: 250ms OFF-time: 750ms
2 Pattern 2 ON-time: 500ms OFF-time: 500ms
3 Pattern 3 reserved
4 Pattern 4 reserved
5 Pattern 5 reserved
6 Pattern 6 reserved
7 Pattern 7 Reserved
Remarks
[0218]

e Pattern 1 is assumed to use single short ON, Pattern 2 is assumed to use ON-OFF repeating.

e Detail is under internal discussion.
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3.4.2.5. Horn_Number_of _Cycle_Command
Command to control the Number of horn ON/OFF cycle of the vehicle platform Values
[0219] O-7 []
Remarks
[0220]
e Detail is under internal discussion.
3.4.2.6. Horn_Continuous_ Command

Command to control of horn ON of the vehicle platform

Values
[0221]
Table 39
value | Description | remarks
0 No request
1 ON request
Remarks
[0222]

e This command overrides Horn_Pattern_Command, Horn_Number_of_Cycle_Command.

* Horn is active during Vehicle Platform receives ON command.
e Detail is under internal discussion.
3.4.2.7. Windshieldwiper_Mode_Front_Command

Command to control the front windshield wiper of the vehicle platform

Values
[0223]
Table 40
value | Description remarks
0 OFF mode request
1 Lo mode request
2 Hi mode request
3 Intermittent mode request
4 Auto mode request
5 Mist mode request One-Time Wiping
6,7 Reserved
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Remarks
[0224]

e This command is under internal discussion the timing of valid.

e This command is valid when Windshieldwiper_Front_Driver_Input = OFF or Auto mode ON.

e Driver input overrides this command.
¢  Windshieldwiper mode is kept during Vehicle platform is receiving the command.
3.4.2.8. Windshieldwiper_Intermittent_Wiping_Speed_Command

Command to control the Windshield wiper actuation interval at the Intermittent mode

Values
[0225]
Table 41
value | Description remarks
0 FAST
1 SECOND FAST
2 THIRD FAST
3 SLOW
Remarks
[0226]

e This command is valid when Windshieldwiper_Mode_Front_Status = INT.

e Driver input overrides this command.

¢  Windshieldwiper intermittent mode changes when Vehicle platform receives once this command.

3.4.2.9. Windshieldwiper_Mode Rear_Command

Command to control the rear windshield wiper mode of the vehicle platform

Values
[0227]
Table 42
value | Description Remarks
0 OFF mode request
1 Lo mode request

2 reserved

Intermittent mode request

4-7 reserved
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Remarks

[0228]

e Driver input overrides this command.
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¢  Windshieldwiper mode is kept during Vehicle platform is receiving the command.

*  Wiping speed of intermittent mode is not variable.

3.4.2.10. Hvac_1st Command

Command to start/stop 1st row air conditioning control

Values
[0229]
Table 43
value | Description Remarks
00 No request
01 ON means turning the 1st air conditioning control to ON
02 OFF means turning the 1st air conditioning control to OFF
Remarks
[0230]

e The hvac of S-AM has a synchronization functionality.

[0231]

Therefore, in orderto control 4 (four) hvacs (1st_left/right, 2nd_left/right) individually, VCIB achieves the following

procedure after Ready-ON. (This functionality will be implemented from the CV.)

#1: Hvac_1st_ Command = ON

#2:

#3:

#4:

#5:

#6:

#T7:

#8:

#9:

Hvac_2nd_Command = ON

Hvac_TargetTemperature_2nd_Left Command

Hvac_TargetTemperature_2nd_Right_ Command

Hvac_Fan_Level 2nd_Row_Command

Hvac_2nd_Row_AirOutlet Mode Command

Hvac_TargetTemperature_1st_Left Command

Hvac_TargetTemperature_1st_Right Command

Hvac_Fan_Level 1st Row_Command

#10: Hvac_1st_Row_AirOutlet Mode_Command

* The interval between each command needs 200ms or more.
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* Other commands are able to be executed after #1.

3.4.2.11. Hvac_2nd_Command

Command to start/stop 2nd row air conditioning control

Values
[0232]
Table 44
value | Description Remarks
00 No request
01 ON means turning the 2nd air conditioning control to ON
02 OFF means turning the 2nd air conditioning control to OFF
Remarks
[0233]
« N/A

3.4.2.12. Hvac_TargetTemperature_1st_Left Command

Command to set the target temperature around front left area

Values
[0234]
Table 45
value Description Remarks
0 No request
60 to 85 [unit: °F] (by 1.0°F) | Temperature direction
Remarks
[0235]
* N/A

3.4.2.13. Hvac_TargetTemperature_ 1st_Right_Command

Command to set the target temperature around front right area

Values

[0236]

Table 46
value Description Remarks
0 No request
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Remarks

[0237]

N/A

EP 3 858 700 A1

3.4.2.14. Hvac_TargetTemperature_2nd_Left Command

Command to set the target temperature around rear left area

Values

[0238]

Remarks

[0239]

N/A

3.4.2.15. Hvac_TargetTemperature_2nd_Right_Command

Values

[0240]

(continued)

value Description Remarks
60 to 85 [unit: °F] (by 1.0°F) | Temperature direction

Table 47
value Description Remarks
0 No request
60 to 85 [unit: °F] (by 1.0°F) | Temperature direction

Command to set the target temperature around rear right area

Table 48
value Description Remarks
0 No request

Remarks

[0241]

N/A

60 to 85 [unit: °F] (by 1.0°F)

Temperature direction
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3.4.2.16. Hvac_Fan_Level 1st Row_Command

Command to set the fan level on the front AC

Values
[0242]
Table 49
value Description Remarks
0 No request
1to 7 (Maximum) | Fan level direction
Remarks
[0243]

e If you would like to turn the fan level to 0 (OFF), you should transmit "Hvac_1st_Command = OFF".
e If you would like to turn the fan level to AUTO, you should transmit "Hvac_1st_Command = ON".
3.4.2.17. Hvac_Fan_Level 2nd_Row_Command

Command to set the fan level on the rear AC

Values
[0244]
Table 50
value Description Remarks
0 No request
1to 7 (Maximum) | Fan level direction
Remarks
[0245]

e If you would like to turn the fan level to 0 (OFF), you should transmit "Hvac_2nd_Command = OFF".
e If you would like to turn the fan level to AUTO, you should transmit "Hvac_2nd_Command = ON".
3.4.2.18. Hvac_1st_Row_AirOutlet Mode Command

Command to set the mode of 1st row air outlet

Values

[0246]

Table 51

value | Description Remarks

000b No Operation
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(continued)

value | Description Remarks

001b UPPER Air flows to the upper body

010b U/F Air flows to the upper body and feet

011b FEET Air flows to the feet.

100b F/D Air flows to the feet and the windshield defogger operates
Remarks
[0247]
« N/A

3.4.2.19. Hvac_2nd_Row_AirOutlet Mode CommandCommand to set the mode of 2nd row air outlet

Values

[0248]

Remarks
[0249]

« N/A

3.4.2.20. Hvac_Recirculate_ Command

Command to set the air recirculation mode

Values

[0250]

Remarks

[0251]

Table 52
value | Description Remarks
000b No Operation
001b UPPER Air flows to the upper body
010b U/F Air flows to the upper body and feet
011b FEET Air flows to the feet.
Table 53

value | Description | Remarks

00 No request
01 ON means turning the air recirculation mode ON
02 OFF means turning the air recirculation mode OFF
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3.4.2.21. Hvac_ AC_Command

Command to set the AC mode

EP 3 858 700 A1

Values
[0252]
Table 54
value | Description | remarks
00 No request
01 ON means turning the AC mode ON
02 OFF means turning the AC mode OFF
Remarks
[0253]
« N/A
3.4.3. Outputs
[0254]
Table 55
Signal Name Description Redundancy
Turnsignallight_Mode_Status Status of the current turnsignallight mode of the vehicle platform | N/A
Headlight_Mode_Status Status of the current headlight mode of the vehicle platform N/A
Hazardlight_Mode_Status Status of the current hazardlight mode of the vehicle platform | N/A
Horn_Status Status of the current horn of the vehicle platform N/A
Windshieldwiper Mode Front Status of the current front windshield wiper mode of the vehicle | N/A
Status platform
Windshieldwiper Mode Rear Status of the current rear windshield wiper mode of the vehicle | N/A
Status platform
Hvac_1st Status Status of activation of the 15t row HVAC N/A
Hvac_2nd Status Status of activation of the 2nd row HVAC N/A
Hvac_Temperature_1st Left Status of set temperature of 1st row left N/A
Status
Hvac Temperature_1st _Right_ Status of set temperature of 1st row right N/A
Status
Hvac_Temperature 2nd |eft Status of set temperature of 2nd row left N/A
Status
Hvac Temperature_2nd Right Status of set temperature of 2nd row right N/A
Status
Hvac_Fan_Level 1st Row Status of set fan level of 1st row N/A

Status
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(continued)
Signal Name Description Redundancy
Hvac_Fan_Level _2nd Row Status of set fan level of 2nd row N/A
Status
Hvac_1 st Row_AirOutlet_ Status of mode of 1st row air outlet N/A
Mode_Status
Hvac_2nd_Row_AirOutlet Status of mode of 2nd row air outlet N/A
Mode_Status
Hvac_Recirculate_Status Status of set air recirculation mode N/A
Hvac AC_Status Status of set AC mode N/A
1st_Right_Seat_Occupancy_ Seat occupancy status in 1st left seat -
Status
1 st _Left Seat Belt Status Status of driver’s seat belt buckle switch -
1 st_Right_Seat_Belt_Status Status of passenger’s seat belt buckle switch -
2nd_Left Seat Belt Status Seat belt buckle switch status in 2nd left seat -
2nd_Right_Seat_Belt_Status Seat belt buckle switch status in 2nd right seat -

3.4.3.1. Turnsignallight_Mode_Status

Status of the current turnsignallight mode of the vehicle platform

Values
[0255]
Table 56
value | Description | Remarks
0 OFF Turn lamp = OFF
1 Left Turn lamp L = ON (flashing)
2 Right Turn lamp R = ON (flashing)
3 invalid
Remarks
[0256]

¢ At the time of the disconnection detection of the turn lamp, state is ON.
¢ At the time of the short detection of the turn lamp, State is OFF.
3.4.3.2. Headlight_Mode_Status

Status of the current headlight mode of the vehicle platform

Values

[0257]

42




10

15

20

25

30

35

40

45

50

55

EP 3 858 700 A1

Table 57
Value | Description | Remarks
0 OFF
1 TAIL
2 Lo
3 reserved
4 Hi
5-6 reserved
7 invalid
Remarks
[0258] N/A

Detailed Design

[0259]

e At the time of tail signal ON, Vehicle Platform sends 1.

e At the time of Lo signal ON, Vehicle Platform sends 2.

e At the time of Hi signal ON, Vehicle Platform sends 4.

¢ At the time of any signal above OFF, Vehicle Platform sends 0.

3.4.3.3. Hazardlight_Mode_Status

Status of the current hazard lamp mode of the vehicle platform

Values
[0260]
Table 58
Value | Description | Remarks
0 OFF Hazard lamp = OFF
1 Hazard Hazard lamp = ON (flashing)
2 reserved
3 invalid
Remarks
[0261] N/A
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Status of the current horn of the vehicle platform

Values

[0262]

Remarks

[0263]

Table 59
Value | Description Remarks
0 OFF
1 ON
2 reserved (unsupport)
3 invalid (unsupport)

e cannot detect any failure.

¢  Vehicle platform sends "1" during Horn Pattern Command is active, if the horn is OFF.

3.4.3.5. Windshieldwiper_Mode_Front_Status

Status of the current front windshield wiper mode of the vehicle platform

Values
[0264]
Table 60
Value | Description | Remarks
0 OFF Front wiper stopped
1 Lo Front wiper being active in LO mode (also including being active in MIST, being active in
coordination with washer, and being wiping at speed other than Hl)
2 Hi Front wiper being active in HI mode
3 INT Front wiper being active in INT mode (also including motor stop while being active in INT
mode and being active in INT mode owing to vehicle speed change function)
4-5 reserved
6 fail Front wiper failed
7 invalid
Table 61
Value | Description | Remarks
0 OFF Front wiper is stopped.
1 Lo Front wiper is in LO mode (include in MIST mode, operation with washer, Medium speed).
2 Hi Front wiper is in HI mode.
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(continued)
Value | Description | Remarks
3 INT Front wiper is in INT mode (include motor stopped between INT mode, INT operation of
vehicle speed change function).
4-5 reserved
6 fail Front wiper is fail.
7 invalid
Remarks

Fail Mode Conditions

[0265]

e detect signal discontinuity

e cannot detect except the above failure.

3.4.3.6. Windshieldwiper_Mode Rear_Status

Status of the current rear windshield wiper mode of the vehicle platform

Values

[0266]

Remarks

[0267]

Table 62
Value | Description | Remarks
0 OFF Rear wiper stopped
1 Lo Rear wiper being in LO mode
2 reserved
3 INT Rearwiper beingin INT mode
4-5 reserved
6 fail Rear wiper failed
7 invalid

e cannot detect any failure.

3.4.3.7. Hvac_1st_Status

Status of activation of the 1st row HVAC

Values

[0268]
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3.4.3.8. Hvac_2nd_Status

N/A
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Status of activation of the 2nd row HVAC

Values

[0270]

Remarks

[0271]

N/A

3.4.3.9. Hvac_Temperature_1st_Left Status

Status of set temperature of 1st row left

Values

[0272]

Remarks

[0273]

N/A

Table 63
value | Description | remarks
Ob OFF
1b ON
Table 64
value | Description | remarks
Ob OFF
1b ON
Table 65
value Description remarks
0 Lo Max cold
60to 85 [unit: °F] | Target temperature
100 Hi Max hot
FFh Unknown
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3.4.3.10. Hvac_Temperature_1st_Right_Status

Status of set temperature of 1st row right

Values
[0274]
Table 66

value Description remarks
0 Lo Max cold
60to 85 [unit: °F] | Target temperature
100 Hi Max hot
FFh Unknown

Remarks

[0275]

« N/A

3.4.3.11. Hvac_Temperature_2nd_Left_Status

Status of set temperature of 2nd row left

Values

[0276]

Table 67

value Description remarks
0 Lo Max cold
60to 85 [unit: °F] | Target temperature
100 Hi Max hot
FFh Unknown

Remarks

[0277]

* N/A

3.4.3.12. Hvac_Temperature_2nd_Right_Status
Status of set temperature of 2nd row right
Values

[0278]
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Table 68
value Description remarks
0 Lo Max cold
60to 85 [unit: °F] | Target temperature
100 Hi Max hot
FFh Unknown
Remarks
[0279]
« N/A
3.4.3.13. Hvac_Fan_Level 1st Row_Status
Status of set fan level of 1st row
Values
[0280]
Table 69
value | Description | remarks
0 OFF
1-7 Fan Level
8 Undefined
Remarks
[0281]
« N/A
3.4.3.14. Hvac_Fan_Level 2nd_Row_Status
Status of set fan level of 2nd row
Values
[0282]
Table 70
value | Description | remarks
0 OFF
1-7 Fan Level
8 Undefined
Remarks
[0283]
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3.4.3.15. Hvac_1st Row_AirOutlet Mode_Status

Status of mode of 1st row air outlet

Values
[0284]
Table 71
value | Description | remarks
000b ALL OFF when Auto mode is set
001b UPPER Air flows to the upper body
010b U/F Air flows to the upper body and feet
011b FEET Air flows to the feet.
100b F/D Air flows to the feet and the windshield defogger operates
101b DEF The windshield defogger operates
111b Undefined
Remarks
[0285]
« N/A

3.4.3.16. Hvac_2nd_Row_AirOutlet Mode_Status

Status of mode of 2nd row air outlet

Values

[0286]

Remarks
[0287]

« N/A

Table 72
value | Description | remarks
000b | ALL OFF when Auto mode is set
001b UPPER Air flows to the upper body
010b U/F Air flows to the upper body and feet
011b FEET Air flows to the feet.
111b Undefined
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Values
[0288]
Table 73
value | Description | remarks
00 OFF means that the airrecirculation mode is OFF
01 ON means that the air recirculation mode is ON
Remarks
[0289]
« N/A

3.4.3.18. Hvac_AC_Status

Status of set AC mode

Values

[0290]

Remarks
[0291]

« N/A

Table 74
value | Description | remarks
00 OFF means that the AC mode is OFF
01 ON means that the AC mode is ON

3.4.3.19. 1st_Right_Seat_Occupancy_Status

Seat occupancy status in 1st left seat

Values

[0292]

Table 75
value | Description remarks
0 Not occupied
1 Occupied
2 Undecided IG OFF or signal from sensor being lost
3 Failed
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Remarks
[0293] When there is luggage on the seat, this signal may be set to "Occupied".
3.4.3.20. 1st_Left Seat Belt Status

Status of driver’s seat belt buckle switch

Values
[0294]
Table 76
value | Description remarks
0 Buckled
1 Unbuckled
2 Undetermined
3 Fault of a switch
Remarks
[0295]

*  When Driver’s seat belt buckle switch status signal is not set, [undetermined] is transmitted.
It is checking to a person in charge, when using it. (Outputs "undetermined = 10" as an initial value.)

*  Thejudgement result of buckling/unbuckling shall be transferred to CAN transmission buffer within 1.3s after IG_ON
or before allowing firing, whichever is earlier.

3.4.3.21. 1st_Right_Seat_Belt_Status

Status of passenger’s seat belt buckle switch

Values
[0296]
Table 77
value | Description remarks
0 Buckled
1 Unbuckled
2 Undetermined
3 Fault of a switch
Remarks
[0297]

* When Passenger’s seat belt buckle switch status signal is not set, [undetermined] is transmitted.
[0298] It is checking to a person in charge, when using it. (Outputs "undetermined = 10" as an initial value.)

*  Thejudgement result of buckling/unbuckling shall be transferred to CAN transmission buffer within 1.3s after IG_ON
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or before allowing firing, whichever is earlier.
3.4.3.22. 2nd_Left Seat Belt Status

Seat belt buckle switch status in 2nd left seat

Values
[0299]
Table 78
value Description remarks
0 Buckled
1 Unbuckled
2 Undetermined
3 Reserved
Remarks
[0300]
e cannot detect sensor failure.
3.4.3.23. 2nd_Right_Seat_Belt_Status
Seat belt buckle switch status in 2nd right seat
Values
[0301]
Table 79
value | Description remarks
0 Buckled
1 Unbuckled
2 Undetermined
3 Reserved
Remarks
[0302]

e cannot detect any failure.
3.5. APlIs for Power control
3.5.1. Functions

[0303] T.B.D.
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3.5.2. Inputs
[0304]
Table 80
Signal Name Description Redundancy
Power_Mode Request Command to control the power mode of the vehicle platform | N/A

3.5.2.1. Power_Mode_Request

Command to control the power mode of the vehicle platform

Values
[0305]
Table 81
Value | Description Remarks
00 No request
01 Sleep means "Ready OFF"
02 Wake means that VCIB turns ON
03 Resd Reserved for data expansion
04 Resd Reserved for data expansion
05 Resd Reserved for data expansion
06 Driving Mode | means "Ready ON"
Remarks
[0306]

* Regarding "wake", let us share how to achieve this signal on the CAN. (See the other material) Basically, it is based
on "ISO11989-2:2016". Also, this signal should not be a simple value. Anyway, please see the other material.

* This API will reject the next request for a certain time [4000 ms] after receiving a request.

[0307] The followings are the explanation of the three power modes, i.e. [Sleep] [Wake] [Driving Mode], which are
controllable via API.

[Sleep]

[0308] Vehicle power off condition. In this mode, the high voltage battery does not supply power, and neither VCIB
nor other VP ECUs are activated.

[Wake]

[0309] VCIB is awake by the low voltage battery. In this mode, ECUs other than VCIB are not awake except for some
of the body electrical ECUs.

[Driving Mode]

[0310] Ready ON mode. In this mode, the high voltage battery supplies power to the whole VP and all the VP ECUs
including VCIB are awake.
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Table 82
Signal Name Description Redundancy
Power_Mode_Status Status of the current power mode of the vehicle platform | N/A
3.5.3.1. Power_Mode_Status
Status of the current power mode of the vehicle platform
Values
[0312]
Table 83
Value | Description Remarks
00 Resd Reserved for same data align as mode request
01 Sleep means "Ready OFF"
02 Wake means that the only VCIB turns ON
03 Resd Reserved for data expansion
04 Resd Reserved for data expansion
05 Resd Reserved for data expansion
06 Driving Mode | means "Ready ON"
07 unknown means unhealthy situation would occur
Remarks
[0313]

e VCIB will transmit [Sleep] as Power_Mode_Status continuously for 3000 [ms] after executing the sleep sequence.

And then, VCIB will be shutdown.

3.6. APIs for Safety

3.6.1. Functions

[0314] T.B.D.
3.6.2. Inputs
[0315]

Table 84

Signal Name

Description

Redundancy

T.B.D.
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[0316]
Table 85
Signal Name Description Redundancy
Request for Operation Request for operation according to status of vehicle platform
toward ADS
Passive_Safety Functions_ Collision detection signal -
Triggered
Brake_System_Degradation_ Indicates Brake_System_Degradation_Modes Applied
Modes
Propulsive_System_ Indicates Propulsive_System_Degradation_Modes N/A
Degradation_ Modes
Direction_Control_Degradation_ | Indicates Direction_Control_Degradation_Modes N/A
Modes
WheelLock Control Indicates WheelLock_Control_Degradation_Modes Applied
Degradation_ Modes
Steering_System_Degradation_ Indicates Steering_System_Degradation_Modes Applied
Modes
Power_System_Degradation_ Indicates Power_System_Degradation_Modes Applied

Modes

Communication_Degradation_
Modes

3.6.3.1. Request for Operation

Request for operation according to status of vehicle platform toward ADS

Values
[0317]
Table 86
value Description remarks
0 No request
1 Need maintenance
2 Need back to garage
3 Need stopping safely immediately
Others | Reserved
Remarks
[0318]
e T.B.D.
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3.6.3.2. Passive_Safety Functions_Triggered

Crash detection Signal

Values
[0319]
Table 87
value Description remarks
0 Normal
5 Crash Detection (airbag)
6 Crash Detection (high voltage circuit is shut off)
7 Invalid Value
Others | Reserved
Remarks
[0320]

*  When the event of crash detection is generated, the signal is transmitted 50 consecutive times every 100 [ms]. If
the crash detection state changes before the signal transmission is completed, the high signal of priority is transmitted.

[0321] Priority: crash detection > normal

* Transmits for 5s regardless of ordinary response at crash, because the vehicle breakdown judgment system shall
send a voltage OFF request for 5 s or less after crash in HV vehicle.

[0322] Transmissionintervalis 100 ms within fuel cutoff motion delay allowance time (1 s) so thatdata can be transmitted
more than 5 times. In this case, an instantaneous power interruption is taken into account.

3.6.3.3. Brake_System_Degradation_Modes

Indicate Brake_System status

Values
[0323]
Table 88
value | Description remarks
0 Normal -
1 Failure detected -
Remarks
[0324]

¢ When the Failure is detected, Safe stop is moved.
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3.6.3.4. Propulsive_System_Degradation_Modes

Indicate Powertrain_System status

Values
[0325]
Table 89
value | Description remarks
0 Normal -
1 Failure detected -
Remarks
[0326]
¢ When the Failure is detected, Safe stop is moved.
3.6.3.5. Direction_Control_Degradation_Modes
Indicate Direction_Control status
Values
[0327]
Table 90
value | Description remarks
0 Normal -
1 Failure detected -
Remarks
[0328]

¢ When the Failure is detected, Safe stop is moved.
¢ When the Failure is detected, Propulsion Direction Command is refused.
3.6.3.6. WheelLock_Control_Degradation_Modes

Indicate WheelLock Control status

Values
[0329]
Table 91
value | Description remarks
0 Normal -
1 Failure detected -
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Remarks
[0330]
e Primary indicates EPB status, and Secondary indicates SBW indicates.
¢ When the Failure is detected, Safe stop is moved.
3.6.3.7. Steering_System_Degradation_Modes

Indicate Steering_System status

Values
[0331]
Table 92

value | Description remarks

0 Normal -

1 Failure detected -

2 Stationary steering not possible | Temporary lowering in performance due to high temperature or the like
Remarks
[0332]

¢ When the Failure are detected, Safe stop is moved.
3.6.3.8. Power_System_Degradation_Modes

[0333] [T.B.D]

3.6.3.9. Communication_Degradation_Modes

[0334] [T.B.D]

3.7. APIs for Security

3.7.1. Functions

[0335] T.B.D.
3.7.2. Inputs
[0336]
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Table 93

Signal Name Description Redundancy
1 st _Left Door Lock_ Command to control each door lock of the vehicle platform Lock N/A
Command command supports only ALL Door Lock. Unlock command supports
1 st_Right_Door_Lock_ 1st-left Dogrunloclf only, and ALL Door unlock. Trunk Door Lock/unlock N/A

command include in ALL Door lock/unlock
Command
2nd_Left_Door_Lock_ N/A
Command
2nd_Right_Door_Lock_ N/A
Command
Central_Vehicle_Lock Command to control the all door lock of the vehicle platform N/A

Exterior_ Command

3.7.2.1. 1st_Left_Door_Lock_Command, 1st_Right Door_Lock_Command, 2nd_Left Door_Lock_Command,
2nd_Right_Door_Lock_Command

Command to control each door lock of the vehicle platform

Values

[0337]

Remarks

[0338]

Table 94
Value | Description Remarks
0 No Request
1 Lock (unsupported)
2 Unlock
3 reserved

e Lock command supports only ALL Door Lock.

¢ Unlock command supports 1st-left Door unlock only, and ALL Door unlock.

3.7.2.2. Central_Vehicle_Lock_Exterior_ Command

Command to control the all door lock of the vehicle platform.

Values

[0339]

Table 95
Value | Description | Remarks
0 No Request
1 Lock (all) include trunk lock
2 Unlock (all) | include trunk unlock
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(continued)

Value | Description | Remarks

reserved

Remarks

[0340]

e Lock command supports only ALL Door Lock.

¢ Unlock command supports 1st-left Door unlock only, and ALL Door unlock.

3.7.3. Outputs

[0341]
Table 96

Signal Name Description Redundancy

1 st _Left Door_Lock_Status Status of the current 1 st-left door lock mode of the vehicle | N/A
platform

1 st_Right_Door_Lock_Status Status of the current 1st-right door lock mode of the vehicle | N/A
platform

2nd_Left Door_ Lock_Status Status of the current 2nd-left door lock mode of the vehicle | N/A
platform

2nd_Right_Door_Lock_Status Status of the current 2nd-right door lock mode of the vehicle | N/A
platform

Central _Vehicle _ Exterior _Locked_ | Status of the current all door lock mode of the vehicle N/A

Status platform

Vehicle_Alarm_Status Status of the current vehicle alarm of the vehicle platform N/A

3.7.3.1. 1st_Left Door_Lock_Status

Status of the current 1st-left door lock mode of the vehicle platform

Values
[0342]
Table 97
value | Description | Remarks
0 reserved
1 Locked D seat locked
2 Unlocked D seat unlocked
3 invalid
Remarks
[0343]

e cannot detect any failure.
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Status of the current 1st-right door lock mode of the vehicle platform

Values
[0344]
Table 98
value | Description | remarks
0 reserved
1 Locked P seat locked
2 Unlocked P seat unlocked
3 invalid
Remarks
[0345]

e cannot detect any failure.

3.7.3.3. 2nd_Left Door_Lock_ Status

Status of the current 2nd-left door lock mode of the vehicle platform

Values
[0346]
Table 99
Value | Description | remarks
0 Reserved
1 Locked RL seat locked
2 Unlocked RL seat unlocked
3 invalid
Remarks
[0347]

e cannot detect any failure.

3.7.3.4. 2nd_Right_Door_Lock_Status

Status of the current 2nd-right door lock mode of the vehicle platform

Values

[0348]
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e cannot detect any failure.

3.7.3.5. Central_Vehicle_Exterior_Locked_Status
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Table 100
value | Description | remarks
0 reserved
1 Locked RR seat locked
2 Unlocked RR seat unlocked
3 invalid

Status of the current all door lock mode of the vehicle platform

Values

[0350]

Remarks

[0351]

Table 101
value | Description remarks
0 Reserved (unsupport)
1 All Locked (unsupport)
2 Anything Unlocked (unsupport)
3 invalid (unsupport)

¢ Vehicle platform refers to each door lock status,

- in case any door unlocked, sends 0.

- in case all door locked, sends 1.

3.7.3.6. Vehicle_Alarm_Status

Status of the current vehicle alarm of the vehicle platform

Values

[0352]

Table 102
Value | Description | remarks
0 Disarmed Auto alarm system not active
1 Armed Auto alarm system active - noton alert
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(continued)
Value | Description | remarks
2 Active Auto alarm system active - on alert
3 invalid

Remarks
[0353] N/A
3.8. APlIs for MaaS Service

3.8.1. Functions

[0354] T.B.D.
3.8.2. Inputs
[0355]

Table 103
Signal Name | Description | Redundancy
T.B.D.
3.8.3. Outputs
[0356]
Table 104
Signal Name | Description | Redundancy
T.B.D.
[Example 2]
[0357] Toyota’s MaaS Vehicle Platform
Architecture Specification
[Standard Edition #0.1]
History of Revision
[0358]
Table 105
Date of Revision | ver. | Summary of Revision Reviser
2019/11/04 0.1 Creatinganewmaterial | MaaS Business Div.
Index
[0359]

1. General Concept 4
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1.1. Purpose of this Specification 4

1.2. Target Vehicle Type 4

1.3. Target Electronic Platform 4

1.4. Definition of Term 4

1.5. Precaution for Handling 4

1.6. Overall Structure of MaaS 4

1.7. Adopted Development Process 6
1.8. ODD (Operational Design Domain) 6

2. Safety Concept 7
2.1. Outline 7
2.2. Hazard analysis and risk assessment 7
2.3. Allocation of safety requirements 8
2.4. Redundancy 8
3. Security Concept 10
3.1. Outline 10
3.2. Assumed Risks 10

3.3. Countermeasure for the risks 10

3.3.1. The countermeasure for a remote attack 11
3.3.2. The countermeasure for a modification 11

3.4. Addressing Held Data Information 11
3.5. Addressing Vulnerability 11
3.6. Contract with Operation Entity 11

4. System Architecture 12
4.1. Outline 12
4.2. Physical LAN architecture (in-Vehicle) 12
4.3. Power Supply Structure 14

5. Function Allocation 15

5.1.in a healthy situation 15
5.2.in a single failure 16

6. Data Collection 18

6.1. Atevent 18
6.2. Constantly 18

1. General Concept
1.1. Purpose of this Specification

[0360] This document is an architecture specification of Toyota’s MaaS Vehicle Platform and contains the outline of
system in vehicle level.

1.2. Target Vehicle Type
[0361] This specification is applied to the Toyota vehicles with the electronic platform called 19ePF [ver.1 and ver.2].

[0362] The representative vehicle with 19ePF is shown as follows.
[0363] e-Palette, Sienna, RAV4, and so on.
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1.3. Definition of Term

[0364]

Table 106

Term Definition

ADS Autonomous Driving System.

ADK Autonomous Driving Kit
VP Vehicle Platform.

VCIB | Vehicle Control Interface Box.
This is an ECU for the interface and the signal converter between ADS and Toyota VP’s sub systems.

1.4. Precaution for Handling

[0365] This is an early draft of the document.
[0366] All the contents are subject to change. Such changes are notified to the users. Please note that some parts
are still T.B.D. will be updated in the future.

2. Architectural Concept
2.1. Overall Structure of MaaS

[0367] The overall structure of MaaS with the target vehicle is shown (Fig. 15).

[0368] Vehicle control technology is being used as an interface for technology providers.

[0369] Technology providers canreceive open APl such as vehicle state and vehicle control, necessary for development
of automated driving systems.

2.2. Outline of system architecture on the vehicle

[0370] The system architecture on the vehicle as a premise is shown (Fig. 16).

[0371] The target vehicle of this document will adopt the physical architecture of using CAN for the bus between ADS
and VCIB. In order to realize each API in this document, the CAN frames and the bit assignments are shown in the form
of "bit assignment chart" as a separate document.

2.3. Outline of power supply architecture on the vehicle

[0372] The power supply architecture as a premise is shown as follows (Fig. 17).

[0373] The blue colored parts are provided from an ADS provider. And the orange colored parts are provided from
the VP.

[0374] The power structure for ADS is isolate from the power structure for VP. Also, the ADS provider should install
a redundant power structure isolated from the VP.

3. Safety Concept

3.1. Overall safety concept

[0375] The basic safety concept is shown as follows.
[0376] The strategy of bringing the vehicle to a safe stop when a failure occurs is shown as follows (Fig. 18).

1. After occurrence of a failure, the entire vehicle executes "detecting a failure" and "correcting an impact of failure"
and then achieves the safety state 1.

2. Obeying the instructions from the ADS, the entire vehicle stops in a safe space at a safe speed (assumed less

than 0.2G).
However, depending on a situation, the entire vehicle should happen a deceleration more than the above deceleration
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if needed.

3. After stopping, in order to prevent slipping down, the entire vehicle achieves the safety state 2 by activating the
immobilization system.

Table 107
category content
= Precondition - Only one single failure at a time across the entire integrated vehicle.

(Multiple failures are not covered)
- After the initial single failure, no other failure is anticipated in the
duration in which the functionality is maintained.

= Responsibility for the vehicle platform - In case of a single failure, the integrated vehicle should maintain the
until safety state 2 necessary functionality for safety stop.
- The functionality should be maintained for 15 (fifteen) seconds.

= Basic Responsibility Sharing [For ADS]

The ADS should create the driving plan, and should indicate vehicle
control values to the VP.

[For Toyota vehicle platform]

The Toyota VP should control each system of the VP based on
indications from the ADS.

[0377] See the separated document called "Fault Management" regarding notifiable single failure and expected be-
havior for the ADS.

3.2. Redundancy

[0378] The redundant functionalities with Toyota’s MaaS vehicle are shown.

[0379] Toyota’s Vehicle Platform has the following redundant functionalities to meet the safety goals led from the
functional safety analysis.

Redundant Braking

[0380] Any single failure on the Braking System doesn’t cause loss of braking functionality. However, depending on
where the failure occurred, the capability left might not be equivalent to the primary system’s capability. In this case, the
braking system is designed to prevent the capability from becoming 0.3 G or less.

Redundant Steering

[0381] Any single failure on the Steering System doesn’t cause loss of steering functionality. However, depending on
where the failure occurred, the capability left might not be equivalent to the primary system’s capability. In this case, the
steering system is designed to prevent the capability from becoming 0.3 G or less.

Redundant Immobilization

[0382] Toyota’s MaaS vehicle has 2 immobilization systems, i.e. P lock and EPB. Therefore, any single failure of
immobilization system doesn’t cause loss of the immobilization capability. However, in the case of failure, maximum
stationary slope angle is less steep than when the systems are healthy.

Redundant Power

[0383] Any single failure on the Power Supply System doesn’t cause loss of power supply functionality. However, in

case of the primary power failure, the secondary power supply system keeps supplying power to the limited systems for
a certain time.
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Redundant Communication
[0384] Any single failure on the Communication System doesn’t cause loss of all the communication functionality.
System which needs redundancy has physical redundant communication lines. For more detail information, see the
chapter "Physical LAN architecture (in-Vehicle)".
4. Security Concept

4.1. Outline

[0385] Regarding security, Toyota’s MaaS vehicle adopts the security document issued by Toyota as an upper doc-
ument.

4.2. Assumed Risks

[0386] The entire risk includes not only the risks assumed on the base e-PF but also the risks assumed for the Autono-
MaasS vehicle.

The entire risk is shown as follows.
[Remote Attack]
[0387]
- Tovehicle
e Spoofing the center
* ECU Software Alternation
* DoS Attack
e Sniffering
- From vehicle
*  Spoofing the other vehicle
* Software Alternation for a center or an ECU on the other vehicle
* DoS Attack to a center or other vehicle
¢ Uploading illegal data
[Modification]
[0388]
¢ lllegal Reprogramming
e Setting up an illegal ADK
* Installation of an unauthenticated product by a customer

4.3. Countermeasure for the risks

[0389] The countermeasure of the above assumed risks is shown as follows.

67



10

15

20

25

30

35

40

45

50

55

EP 3 858 700 A1
4.3.1. The countermeasure for a remote attack

[0390] The countermeasure for a remote attack is shown as follows.

[0391] Since the autonomous driving kit communicates with the center of the operation entity, end-to-end security
should be ensured. Since a function to provide a travel control instruction is performed, multi-layered protection in the
autonomous driving kit is required. Use a secure microcomputer or a security chip in the autonomous driving kit and
provide sufficient security measures as the first layer against access from the outside. Use another secure microcomputer
and another security chip to provide security as the second layer. (Multi-layered protection in the autonomous driving
kit including protection as the first layer to prevent direct entry from the outside and protection as the second layer as
the layer below the former)

4.3.2. The countermeasure for a modification

[0392] The countermeasure for a modification is shown as follows.

[0393] For measures against a counterfeit autonomous driving kit, device authentication and message authentication
are carried out. In storing a key, measures against tampering should be provided and a key set is changed for each pair
of a vehicle and an autonomous driving kit. Alternatively, the contract should stipulate that the operation entity exercise
sufficient management so as not to allow attachment of an unauthorized kit. For measures against attachment of an
unauthorized product by an Autono-Maa$S vehicle user, the contract should stipulate that the operation entity exercise
management not to allow attachment of an unauthorized kit.

[0394] In application to actual vehicles, conduct credible threat analysis together, and measures for addressing most
recent vulnerability of the autonomous driving kit at the time of LO should be completed.

5. Function Allocation
5.1.in a healthy situation
[0395] The allocation of representative functionalities is shown as below (Fig. 19).

[Function allocation]

[0396]
Table 108

Function Function name Related to # remarks

category

Planning Plan for driving path 0
Calculating control 0 e.g. longitudinal G
indications

Overall AP| Pub/Sub 1 One system with redundancy

Security Autonomy Driving Kit 1 One system with redundancy
Authentication
Message Authentication 1 One system with redundancy
Door locking control 8

Long itudinal/ Motion control 2 (Primary), 3

Lateral (Secondary)
Propulsion control 4
Braking control 2,3 Two units controlled according to

deceleration requirement

Steering control 5 One system with redundancy
Immobilization control 2 (EPB), 6 (P Lock)
Shift control 6
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(continued)
Function Function name Related to # remarks
category
Power supply Secondary battery control | 7
Vehicle power control 10 For more information, see the API
specification.
Access/Comfort Body control 8 Turn signal, Headlight, Window, etc.
HVAC control 9
Data Data logging (at event) 1
Data logging (constantly) 1

5.2.in a single failure

[0397] See the separated document called "Fault Management" regarding notifiable single failure and expected be-
havior for the ADS.

[0398] Though embodiments of the present disclosure have been described above, it should be understood that the
embodiments disclosed herein are illustrative and non-restrictive in every respect. The scope of the present invention
is defined by the terms of the claims and is intended to include any modifications within the scope and meaning equivalent

to the terms of the claims.

Claims

1. A vehicle (10) on which an autonomous driving system (200) is mountable, the vehicle comprising:

a vehicle platform (120) configured to control the vehicle in accordance with an instruction from the autonomous
driving system; and

avehicle control interface (110) configured to interface between the vehicle platform and the autonomous driving
system, wherein

the vehicle control interface is configured to provide, to the autonomous driving system, a signal indicating a
moving direction of the vehicle that is determined based on a majority rule in connection with rotation directions
of wheels.

The vehicle according to claim 1, wherein

the vehicle control interface is configured to provide, to the autonomous driving system, a signal indicating "Standstill"
as the signal indicating the moving direction of the vehicle, when all wheel speed values are zero during a certain
time period.

The vehicle according to claim 1 or 2, wherein

the vehicle control interface is configured to provides a signal indicating "Forward" to the autonomous driving system
when the number of wheels rotating in a forward rotation direction is larger than the number of wheels rotating in a
reverse rotation direction, and

the vehicle control interface is configured to provide a signal indicating "Reverse" to the autonomous driving system
when the number of wheels rotating in the reverse rotation direction is larger than the number of wheels rotating in
the forward rotation direction.

The vehicle according to any one of claims 1 to 3, wherein

the vehicle control interface is configured to provide information indicating "Undefined" to the autonomous driving
system when the number of wheels rotating in a forward rotation direction is equal to the number of wheels rotating
in a reverse rotation direction.
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FIG.3
value Description remarks
0 Forward
1 Reverse
2 Standstill
3 Undefined

72




EP 3 858 700 A1

VP
START
St
NO IS SPEED OF ALL
OF FOUR WHEELS 0?
YES J/ _sa
NG /. HAS CERTAIN TIME
PERIOD ELAPSED SINGCE
SPEED OF FOUR WHEELS
WAS SET TO 0?
YES
y %0

OUTPUT OF Standstill

RETURN

73



EP 3 858 700 A1

Ndn.13d

AV OL NOLLOZMIA ONIAOKW TVNLOV
ONLLVYOIANI T¥NDIS JAIAOHd

g1~

_ 1

]

£, = NOLLOZYHIA ONIAOW .}, = NOLLOFHIA DONIAOW /0, = NOLLOZMIA ONIAOW .., = NOLLOFHIQ ONIAOW
VNLOV ONLLVOIANI TYNDIS| 11VNLOV DNLLVOIAONI TVYNDIS| 1 1VNLOV DNILVOIANI TYNDIS| | TVN.LOV DNILYOIANI TYNDIS

[1s” 91S/ p1s” Z21S -

a, S3aA

LOML NVHL 439dv1 NOILOuIA

NOLLY.LOY 3S¥3ATd NI DNLLYLOY

ON \__ ST33HM 40 ¥IGWNN 3HL SI
sis”  § S3A

¢OML NVHL H394V1 NOLLOZHIA
NOLLV.LOY QHVMYHOL NI ONILVY.LOYH
ON ST43HM 40 H39WNNN FHL SI

~
1S e ON

A

(A WOHH Q3IAIF0IY \
N339 lInspuels, SVH /g3

s

1YVv1S

JOV4HILNI TOHLNOD FT1OIHIA

G'old

74



EP 3 858 700 A1

V10A0L Q

ONIAIMGA ddLIVHO.LNY

ANVAWOO ADOTONHOIL

HaHLO
F10IHIA

(3LVLS DNIARIA 3LYWOLNY
‘NOILYDO1 '033dS D3)
NOLLYIWHOCNI

ATOIHIA SNORIVA

el ONINHNL
HANULS g2 Tingow|  ONV DNIdOLS NOILYWHO=NI
2LV ay NOLLYOINNWAOD "ONINNMY SV TIOMHIA
S VLOAOL HONS ‘SANVINWOD SNOMVA
(LLLLL TO4LNOD

mO«EKm%OthO@ FIOIHIA

/.

NOILLVOINWIWOD v SY
J3.1d00dv 349 THIM NVD

ANI

/1

FTONY T33HM QvOd -

TOHLNOD DNILVHIJO
SV HONS IdVv

V.1vO LINSWIDVYNYW
13374 HONS ‘IdV

ONIAIHQJILYWOLAY,
NSNS\ OINEIGEY

SIDIALAS ALTIIEONW

NOLLYHIT3030/NOLLYHITIOOV TYNIGNLIDNGT - |~
[TOHLNOO FTOIHIA HO IdV JALLYLNISTHITY]

TOHLNOO F10IHIA SYVIAN HOd

A1VLS F10HIA

IdV N3dO v
VHINYD D (FUVYMLA0S
WD ONIAIMA Q3LYWNOLNY)
HILNAWOD TTOHINOD
Hvdri Sv HONS DNIAMCG g31LYWOLNY

‘SHOSN3S
IDLONIAMA dILVYROLNY

9°0I4

75



EP 3 858 700 A1

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

P NHO4LY1d r N

AN NOALYId VO Z HOSN3S Luosnas| [ wosnas ||

| $0d JTONV NOINId| |31ONY NOINId| | a3ads 13aHm| |

vioaoL | | | (SOd) wo1d || ad3 Z | Pivual|Bivaal |

[ AA08 | [ Tssy ||NOIINAOY) |y i rigommi|| aLrisonm|  |uFaLs ||uFaLs §IMOTf|H3ddn| |

w ] P, I — 7 P, [

| ¢ 1 1 w 5 1 ,1_ |

4"\ | X089 FOVAMILNI TOMINOD T1OIHIA |

| Z 4 ﬁ 1 |

| gIoA _ rm_o> |

SHIAIAOHd m p \ DNINVI 1O m
ADOTONHO3AL “ HOSNIS “
| NOLLdIOH3d | ATEWISSY |

| 4O SHOSN3S | 3LNdWOD |

m . ) INH |

| ([ 3sod | |

| 404 SHOSN3S |

76



EP 3 858 700 A1

FIG.8

#1: CREATING A DRIVING PLAN
| DRIVING PLAN |

THE ADS CREATES A DRIVING PLAN.

#2: EXTRACTING PHYSICAL QUANTITIES
{EXTRACTS PHYSICAL QUANTITIES|
ACCLERATION

ROAD WHEEL ANGLE

e

TIME

THE ADS EXTRACTS PHYSICAL
CONTROL QUANTITIES FROM
THE DRIVING PLAN.

E.G. PHYSICAL CONTROL
QUANTITIES = ACCELERATION,
ROAD WHEEL ANGLE, ETC.

TIME
_/
#3: SPLIT OF PHYSICAL QUANTITIES THE ADS SPLITS THEM BY DEFINED
|SPLITS PHYSICAL QUANTITIES| CYCLE TIME OF EACH APL
ACCLERATION
\ N o e
o

#4: . EXECUTION OF THE API WITH THE VALUE
| EXECUTES THE API WITH THE VALUE |

THE ADS EXECUTES THE API WITH
THE SPLIT PHYSICAL QUANTITY.

#5: CALCULATION OF ITS BEHAVIOR
| CALCULATES THE BEHAVIOR |

.
i
i
i
i
I
1 *
i

l'
iy

ACUTUAL BEHAVIOR|

- e s mgs, !

THE ADS CALCULATES THE
VEHICLE BEHAVIOR, AND
RECREATES A DRIVING PLAN THAT
THE VEHICLE BEHAVIOR IS
REFLECTED TO

77




EP 3 858 700 A1

TILLSONYLS=
NOLLOZHIQ ONIAOW WNLOY

= _ T QuvMYOA
| — {TILSANVLS |
= m 1 | 'GaT1ddV LON
m m : | @arddy m
= m m m BRESERES
m . ——Q3NddV
| | [;S/W]0
< m m
(SW)L ! ! [S/WM]0
: b,

NOILO3HId
ONIAOW TVNLOV

_ SNLVIS
TULSANVLS

_ 1s3ando3y
TIULSANVLS

i 1S3NOIY
NOILYYT 1300V

~ ALIDOT3A
TYNIANLIONOT

6OI4

78



EP 3 858 700 A1

_ SNLVIS
~ NOILLO3MIA
a NOISINdoYd

ICEEY
_ "NOILOZMIA
NOISTINdOYd

4SHIATY QHYMHOA

i 1s3no3y
[S/Nj0  NOLLV¥F1300V

m _ ALIDOTAA
T [S/M0 IYNIGNLIONOT

(SW)L-=

e |

TILLSONVLS=
NOLLOFMIA DNIAOW TVNLOY

01'0l4

79



EP 3 858 700 A1

00 m o m 00
m “ e ! m
= m m ENETTERED
. | qariddv
= |
| | [,S/W]0
< | |
(SW)L | | [S/WM]0
| P
| TILLSGNVLS=
NOLLOTHIT ONIAOW TYNLOY

_ SNLVIS
MOOTIIIHM

_ ANVWWOD
MOOTIAIHM

i 1s3no3d
NOLLYHI 1300V

_ ALIDOTAA
VNIGNLIDNOT

117014

80



EP 3 858 700 A1

[H/WM] ALIDOT3A

0000

[s/avy]
_LIAnN
BENE
“JTONY
T33HM

_ “avod
INIHEND

00¥0

¢1OlI4

81



EP 3 858 700 A1

-

i NOLLNIAMILNI
Va3d YO LVYITIOOV

NOLLVYNINYZ13d
NOLLNZAAZLNI

-

1s3no3d

3

NOLLVY1IgHY
40 1'Ins3y

NOILVYI1300V
40 NOLLVH1Igdy

NOILLYHIT300V

(013 sas)
WILSAS HOV3

1S3N03H
NOLLVHITIOOV
NOLLISOd 40 Tvd3d
NOILVINDTVO HO1vHd1300V

NOLLISOd Tva3d HOLvya1300V

€10l4

82



EP 3 858 700 A1

-

NOLLNIAYHILINI
Tvd3d IMvdd

NOLLVNINYE13d
NOILLNZAYALINI

-

1S3nd3d

NOILVY LIgHY
40 11NS=3Y

NOILYY3T1303d
40 NOLLVYLIgHY

NOILVH3 13030

183ndad
NOILYH31303d

(013 sas)
W3LSAS HOVI

NOLLISOd 40

NOLLISOd vQ3d IMvHd

NOLLVINO1IVO

vddd SMveHd

71Ol

83



EP 3 858 700 A1

ViVQ INJW3DVYNYIN
13374 HONS ‘IdV

JTOIHIA

JOmr_._/QmjoHImg

NOILLYIWHOANI
F1OHIA
SNOMVA

7/,

ANVANOO ADOTONHOIL
viosol Q ONIAIMG GILYWOLNY ¥IHLO

777 7 ONINGNL
29N |nowvomnnmoo| | 'ONINNNY SY
S/ V10X0'Ls HONS ‘SANVIWWOD
(3LV.LS ONIANA QILVWOLNY ¥/ P 7 7 7 4 OHINOD

‘NOLLYDO7 '033dS '©°3)

NOLLYWHOANI

TIDHIA SNORIVA JovauaIN
NI

NOILVOINNWWOO V SV
31400V 39 TIM NYO

FTONY T33HM QYOH -

I,

TOHLINOD ONILYY3dO
SV HONS '1dv

ONIANA.AILYNOLNY

NNNNINCENTEES
SAOIAYIS ALITIEONW

NOLLYH313030/NOLLYHI 1300V TYNIGNLIONOT -
[10HINOQ TTOIHIA HOA 1dY JALLYINIS 3]

L~y | 3LVLS TT0IHIA

TOHLINOD JTOIHIA SYVIN HOH
IdV N3dO

YHIWYO

(3HVYMLH0S
ONIAMQA Q3LVINOLNY)

o)

Hvart
SY HOMS SHOSNIS

T[T

H31LNdWOD TOHLINGCO
ONIARIJ J3LVYWOLNY

LI ONIAMA GILVNO.LAY

G1 'Ol

84



EP 3 858 700 A1

ADOTONHO4L

V1OAOL

SHAAIAOCYHd

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

| WHO4LY1d . |
o | avava/mvo Z HOSN3S Luosnas| [ wosnas ||
| S0d TTONY NOINId | [ 319NV NOINId| |a33ds T33HM | |
(SOd) ¥o1d || &d3 2 ! 2 i
[ A9O8 | | "gsy” ||NOSTNOM) | yrugonn| arigowni|  [u3aLs|fuzaLs ENYEE] ENVOYET
| _ P T ] ] 1] |
| 1 1 ¢ — ,_,_ |
“ 1 ) l !
| XO8 30VAYILNI TOHINOO F10IHIA # |
m . || o m
m gIoA _ Pm_o> |
, , DNINVI10) |
_ MOSN3S) |
m NOILLAIONAd | ATEW3SSY m
“ 404 SHOSN3S | 3LNdNOD |
! L ) IAH |
| [ 3sod | m
| 4041 SHOSN3S |

85



EP 3 858 700 A1

V10AOL

SYIAIAOHd
ADOTONHOAL

;mOn_._uejn_ F10IHIA

A4
AN

Ad3livd

N AdALLIVH ﬁ 00/0d AMILLYE
{NZ ; ﬁ ONIHOLIMS AMVIIIXNY
! 5 y— r_ 0a/0a
\_ 5 S g
! ) J ,_
1 3 |

! NI1SAS . , Z _ Z ) (REELLVE

AQO8 || HSVHO |INOISTNAOYd) |\ gonmi[f arigomm|  {w331s||u3als ivaa||ivag| [FOVL 10A
| J4d " HOIH

| ! | D — SO A T L_
[ O — BN - YRR S S RS
_I\IH - Hrlllm IIIII N m _ IM ||||| - Illllm ||||| - lJﬂllHlllllN.lll;.I"IH ||||| m |||||||||| Hlll . . - -
[ xog 30V443LINI ( _ )
_ TOHLNOD FI0IHIA [0 I
_ | s10n 1A |
| } ) ) ; ) ) ) } S — B —— ) ) ) ) ) ) )
L ___[onriNvITO

_ ( 3sod | aawassv | H HOSN4S
_ | 404 SyOSNas 3LNdWOD m -~
 ( Ag3LLVE 2 .
; aNz ] (NOILLd3Du3d
! g | 404 SHOSNES
| [ oama | ] | . (o000
w | onmHoImS | |

A4 _ls_.u_._rw>m ONIAIHA SNOWONOLNY

AYVTIIXNY

L1014

R | NV | N

86



EP 3 858 700 A1

FNLL

SO1 “NOLLO3S NOLLVYIT1403d D20

/

¢ d1V1S AL34VS

DNIARIA
SNOWONOLNY
dol1S-
(NOLLVYY3dO
9d3 HO)
M001d®
TIULSANYLS OL
FIDIHIA DNIEE -

¢Sl
lnogy -
“O0L3+
d LdHS
+8d3

,,,,,, NOLLYYTT303d NI A3 LLIWY3d S WOd33dd 40

,,,,,,,, 334930 'JUNTV4 40 IDVLS TVLLINI
,,,,,,,, NI LOVdIAI LSNIVDY d3Hn03s
e ST ALIVS Y14V

S~
s

-
~e.
-
~.
-
~.
~m

L 41V1S ALJd4VS

S\

JHNTIVA
40 LOVdNI LOFHHOO-
FNIv4 1031340-

-
~m
-
~.o

dOl1S 34VS AWONOLNY

.................. -

FHNVA 40
JONIHANOD0

d43ds
J10IHIA

81 9I4

87



EP 3 858 700 A1

[

10V JHIM A8
Ms 9 | 1ldIHS

G

Ad3LLYE
AYVANODAS

14

(iHYAH

ZIN

1

I

g

Divug|—

_wzam&w ﬁlNme;o._ o

aNvyd
ddddn

PN

OVAH

ans

NIVIA

NOILLYOLLNSAI

MDO

gI0A

1D

ONIAIKMO AWONOLNV

61Ol

88



10

15

20

25

30

35

40

45

50

55

9

Européisches
Patentamt

European

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

Patent Office EUROPEAN SEARCH REPORT

EP 3 858 700 A1

Application Number

EP 21 15 4204

DOCUMENTS CONSIDERED TO BE RELEVANT

Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
X US 8 965 691 Bl (LOMBROZO PETE [US]) 1,2 INV.
24 February 2015 (2015-02-24) B60W40/10
Y * column 4, lines 22-29 * 1-4 FO2D41/26
* column 4, line 47 - column 5, line 13 * GO1D5/245
* column 6, lines 24-50 * GO1M17/007
* column 15, lines 13-22 * GO1P13/04
* column 18, Tines 8-41 *
* column 22, lines 30-52; claims; figures
*
* column 5, lines 27-37 *
Y US 2016/377508 Al (PERRONE PAUL J [US] ET [1,2
AL) 29 December 2016 (2016-12-29)
* paragraphs [0069] - [0073], [0080],
[0081], [0164]; claims; figures *
Y US 2010/185361 Al (IRTH MARKUS [DE] ET AL)|1,3,4
22 July 2010 (2010-07-22)
* paragraphs [0036] - [0038], [0041];
claims; figures *
_____ TECHNICAL FIELDS
Y EP 1 470 017 Al (TOYOTA MOTOR CO LTD [JP])|2 SEARCHED  (IPO)
27 October 2004 (2004-10-27) B6OW
* paragraphs [0198], [0199]; claims; GO1p
figures * FO2D
----- GO1M
GO1D
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
The Hague 14 June 2021 Ducher, Alban

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

89




EP 3 858 700 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 21 15 4204

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

14-06-2021
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 8965691 Bl 24-02-2015  NONE

US 2016377508 Al 29-12-2016 US 2016377508 Al 29-12-2016
US 2020041385 Al 06-02-2020

US 2010185361 Al 22-07-2010 AT 554399 T 15-05-2012
DE 102007030431 Al 02-01-2009
EP 2171480 Al 07-04-2010
US 2010185361 Al 22-07-2010
WO 2009003777 Al 08-01-2009

EP 1470017 Al 27-10-2004 AU 2002366971 Al 30-07-2003
CA 2471841 Al 24-07-2003
CN 1608011 A 20-04-2005
DE 60211380 T2 01-02-2007
EP 1470017 Al 27-10-2004
ES 2259737 T3 16-10-2006
JP 3956693 B2 08-08-2007
JP 2003191774 A 09-07-2003
KR 20040073521 A 19-08-2004
US 2005027402 Al 03-02-2005
WO 03059680 Al 24-07-2003

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

90




EP 3 858 700 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

* JP 2020015721 A[0001] e JP 2018132015 A [0003]

91



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

